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nusn  VALLEY  (STOCIvTO.V)  DISTRICT.  j 

GEOGRAPHY. 

The  Ru.s!i  Vnllcy  distriot  is  on  tlio  wost  side 
(if  the  0<iuirrh  Iviuige,  aliout  40  mibs  south¬ 
west  of  Salt  Lake  City.  'Rio  shipping  poiots 
for  the  di-strict  aro  Stockton,  on  tho  Los 
htt'ek’s  ‘S'  Salt  Lake  Railroad,  and  B.auer,  a 
sicliii"  near  tho  portal  of  the  drain  tunnel  of 
tlio  Bullion  Coalition  Co.  All  ore,  e.Ycepting 
tliat  taken  through  the  Bullion  Coalition  tun¬ 
nel,  is  hauled  by  teams  1  to  3  miles  from  tho 
mines  to  the  railroad. 

Tho  main  mineralized  area  of  the  Rush 
Valley  (Stockton)  district  is  rnlhci  low  down 
ou  tho  westeni  slope  of  the  Oquirrh  Range, 
the  outcrop.s  of  tho  main  ore  bodies  being 
between  5,000  and  7,000  feet  above  sea  level. 
Ill  tho  higher  parU  of  the  range  the  topogi  aphy 
i-i  rugged,  but  in  tho  lower  slopes  it  is  rather 
subdued.  Tlic  earlier  developments  were 
mainly  by  winzea  following  the  oro  bodies,  as 
the  relief  is  not  suiTicient  to  make  it  possible 
to  g-sin  depth  rapidly  by  tunnols.  Several  oro 
bodies  have  been  developed  by  tunnels,  how¬ 
ever,  above  the  water  level  and  the  large  Cows 
of  water  encountered  as  the  workings  wore 
deepened  made  drain  tunnels  necessary.  A ! 
large  flow  from  tho  drain  tunnel  of  tho  Bullion 
Coalition  Co,,  the  only  deep  tunnel  of  the  dis¬ 
trict,  is  utilized  for  irrigation. 

GEOLOGY. 

HEDIME.VTARY  ROCKS. 

The  sed’unentary  loclcs  are  interbedded 
limestones  and  quartzites.  On  the  south, 
toward  Soldiers  Oanyou,  limestones  predomi¬ 
nate,  but  toward  the  north  quartzites  become 
increasingly  abundant  and  appear  to  greatly 
predominat,e  in  the  central  and  northern  parts 
nf  the  district.  'Rils  appearance  is  duo  in 
part  to  die  fact  that  the  .Trea  is  largely  cov¬ 
ered  by  d61)ris  and  that  the  quartzite,  being 
the  more  resistant,  accumulates  more  rapidly 
than  the  limestone.  Underground  tlie  quartz- 
>k>  is  not  conspicuous,  hut  tliis  is  in  part  be- 
^usa  prospecting  has  been  Inrgol}'  confined  to  | 
Ihelinn^topg  ureas.  i 

quartzite  is  commonly  fino  grained  and 
father  close  jointed  and  readily  breaks  down 
wgular  fragments.  The  limestone  is  blue 
^black  and  wliito.  Tlio  blue  bods  are  said  to 
•'*ttrly  pure  calcium  carbonate  and  tho 
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white  beds  to  bo  dolomitic  and  silietjons.  The 
lunostonc  of  the  Houcrino  mine  is  blue  and  lic-s 
between  bods  of  white  siliceous  rangnesinn 
limestone,  locaUy  celled  “dolomite."  With 
hydrochloric  acid  tho  blue  lirac-stoiic  ofTorvcsccs 
fur  more  freely  than  the  ivhite.  It  has  a 
specific  gravity  of  2.02  and  the  white  of  2.8S. 

Partial  chemical  analyses  by  R.  C.  Wells  of 
the  blue  limestone  and  the  white  limestone 
overlying  it  (see  p.  174)  show  that  the  blue  is 
nearly  pure  carbonate,  whereas  the  white  is 
very  siliceous.  'Rio  close  siinilarity  of  the 
white  bed  underlying  tho  blue  limestone  to 
I  that  overlying  it  warrants  the  (xinclusion  that 
tho  two  are  of  essentially  the  same  composition, 
and  it  is  probable  that  asiinUar  chemical  differ¬ 
ence  B.xists  between  the  blue  and  white  limo- 
stoncs  in  othe.i'  parts  of  the  district. 

lONF.OUS  ROCKS. 

There  aro  nume.rou.s  dikes  in  the  district, 
but  tho}’  are  not  conspicuous  on  the  surface, 
os  they  weather  more  readil}^  than  tlie  inclosing 
roek-s  and  are  obscured  by  d6bria.  Many  are 
encountered  in  the  mine  workings.  In  general 
they  strike  north,  like  the  main  fissures  of  the 
district.  They  ruuge  in  thickness  from  a  few 
1  inches  to  60  feot  or  more. 

'The  dikes  vary  considerably  in  general 
appearance,  owing  largely  to  their  to.xture. 
Many  are  characteiized  by  phenocrysts  of 
orthoclasc  feldspar,  some  of  which  are  an 
inch  ill  greatest  dimension. 

In  tho  c.oai'ser  rocks  tliore  aro  many  crystals 
of  altered  plagioclaso  tmd  an  abundance  of 
biotito  crj'stals.  In  some  of  tho  dikes  augite 
can  be  seen  in  the  hmad  specimen,  though  this 
minoraJ  is  commonly  altered  to  other  minoruls. 

'Rio  dikes  lue  commonly  too  highly  altered 
to  make  iiec.urato  dotennination  of  thcii*  original 
corajposition  possible,  but  they  all  appear  to 
have  csscntitilly  tho  composition  of  a  quartz 
mon/.onite. 

STKUCTUBK. 

'Ric  largc'st  structural  feature  of  tho  district 
is  u  broad  anticKne  that  .strikes  west  of  north 
I  and  pitcht’s  rather  steeply  north.  The  main 
mineralized  area  of  the  district  is  near  the 
crest  of  this  anticline,  and  consequently  the 
beds  strike  geucrally  cast  and  dip  60°  to  70° 
X.,  varying  somewhat  with  their  position  rela¬ 
tive  to  tho  axis  of  the  anticline  and  to  loc-al 
structural  features. 
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Tlic  spdiniontary  rocks  in  tlio  district  have 
heon  cut  by  a  series  of  fissures  that  are  about 
partvUc'l  with  the  anticline  :uid  are  most  strongly 
developed  near  its  crest.  They  dip  west  usu¬ 
ally  at  a  rather  steep  migle,  some  reaching  70  . 
The  clitforent  fissures  vi'sy  somewhat  in  dip, 
as  do  also  indi^ddutd  fissures  at  different  points. 
Some  inovoracnt  has  occurred  along  nearly  all 
the  fissures.  In  most  of  them  it  is  not  more 
than  a  few  feet;  in  one,  however,  it  is  as  much 
us  120  feet. 

OHE  DEPOSITS. 

OKOLOGir  HKLATIOS’S. 

Practically  all  the  larger  ore  bodies  arc  found 
in  beds,  locallj'  designated  east-west  "veins,” 
of  blue  limestone,  near  the  Lntei'section  of  north- 
south  fissures  Itnown  us  the  north-south  “  veins.” 
Tlie  ore  occurs  as  shoots,  pitcliing  northwest, 
with  the  intersection  of  the  ore  bedding  aiid  fis¬ 
sures.  Some  replacements  e.xtend  along  the  ore 
bedding  for  100  feet,  or  even  more,  and  some  for 
oidy  a  few  feet  from  the  fissure.  Individual 
sliooLs  vary  markedly  from  point  to  point. 
Some  of  them  have  been  followed  for  1,200  to 
1,300  ftH)t  on  the  dip. 

E.xpcu’ionce  h)x.s  showi  that  mineralization  i.s 
very  likely  t.o  occur  at  the  iulereoction  of  one 
of  the  ore.  beds  with  the  fissm'cs,  and  at  present 
tliis  is  the.  guide  to  pi'o.spooting.  Drifts  are 
carried  along  the  ore  be«ls  to  the  fissui’es  or 
crosscuts  are  extended  along  the  fissures  to  the 
ore.  beds,  ns  is  found  most  a-dviuitagcous  in 
individual  caiscs.  Mtvuy  of  theso  intersections 
show  but  little  inineridization,  hut  a  large  per¬ 
centage  of  them  show  some. 

.;\Jthough  for  the  most  part  the  ore  has 
formed  in  certain  bed.s,  some  inineridization  is 
present  along  the  north-south  fissm-es,  both 
betwoeir  the  dolomitic  or  siliceoas  walls  and 
between  walls  of  the  purer  limestone.  These 
iloposits  ai'e  commoidy  smidler  than  the  lime-  | 
stone  replacements,  hut  some  of  them  contain  i 
ore  of  relatively  liigh  grade. 

No  recognized  close  relation  e.xists  between 
the  dike  rocks  and  the  ore  deposit.s.  Many 
dikes  occupy  the  north-south  fissures,  and  ore 
has  fotrinod  adjacent  to  some  of  them. 

Somo  of  the  more  viduable  ore  bodies  have 
formed  on  the  footwall  side  of  dikes,  either 
immediately  or  si'verol  feet  below.  Mineral¬ 
ization  hits  also  occurred  on  the  hanging-wall 
side,  and  it  is  not  cortuin  that  tlio  footwidl  is 


distinctly  favorable.  A  similar  condition  has 
been  noted  in  other  di.stricts,  however,  notably 
in  the  Fish  Springs  district,  and  may  be  of 
con-siderablo  importance.  Although  there  does 
not  appear  to  bo  any  intimate  relation  lietween 
intinsive  roclvs  and  ore  deposits,  nevertheless 
the  important  ore  dcpo.sits  are  not  far  from 
intnisivo  bodies  and  are  absent  from  parts  of 
tlie  range  wliero  intrusive  rocks  are  absent. 

Faidting  along  fissmos  has  displaced  some 
beds  from  a  few  inches  to  as  much  as  1 2(1  feet, 
'rho  main  movement  appears  to  have  taken 
place  before  the  ore  deposition,  though  some  of 
it  was  afterward,  'fhe  fact  that  the  faulting 
preceded  the  mineralization  makes  it  no  less 
importivnt  to  find  the  separated  portions  of 
the  ore  bed,  as  both  lue  likely  to  have  been 
mineralized. 

HETAllonrHISM. 

The  typical  ehiuige  in  the  mineralized  lime¬ 
stone  is  siliiufication  ixnd  addition  of  siilpliidea. 
In  many  deposits  the  cau-bonates  have  been 
largely  repbwod  by  qiuu-tz  and  sulphides. 
Locally,  fine-grained  muscovite  (sericite)  Is 
present,  imd  specimens  of  limestone  partly 
altered  to  cpidote  wore  collcHited  from  the 
dump  of  the  di'tiJn  tuimcl  of  the  Bullion  Coali¬ 
tion  mine.  Contact  silicates,  however,  arc  not 
abundant.  Tlie  principal  metallic  sulphides 
in  the  ore  shoots  are  galena,  sphalerite,  and 
P3Titft,  a  little  ehalcopyrite  and  tetraheilritc, 
and  in  some  specimens  arsenopyrlte,  though 
this  lost  does  not  appear  to  be  an  important 
constituent.  The  distribution  of  the  sulphides 
in  the  unoxidized  ore  is  irregular,  somo  por¬ 
tions  of  a  shoot  being  rich  La  gniena,  otheis 
in  sphalerite  or  pyrite,  and  stiU  otheis  contain 
all  three  in  considerable  amounts.  As  yet 
comparatively  little  zinc  ore  of  sufficient  rich¬ 
ness  to  make  its  marketlug  profitable  has  been 
developed,  though  some  has  been  shipped  and 
somo  mixed  sulphide  ore,  both  in  the  mines  and 
on  the  dumps,  may  at  some  time  be  profitably 
treated. 

Tile  upper  portion  of  the  ore  shoots  has  un¬ 
dergone  o.xidation,  and  the  metals  are  com¬ 
monly  present  ns  the  carbonates,  oxides,  sul¬ 
phates,  and  residual  sulphides.  ITie  carbon¬ 
ate  cemsite  is  the  most  abundant  lead  mineral 
in  the  o.xidized  zone.  It  is  usually  mi.xed 
with  hydrated  iron  o.xides  but  is  occasionally 
found  us  small  bodies  of  white,  earthy  cai'- 
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hiiuiito  rcsi'inbliji"  olinlk.  Tlie  suIpIuUc!  nn- 
olesito  is  doubtless  pn*scnfc  to  sonic  extent, 
though  not  importiuit.  Plumbojorosilo,  the 
bosic  lead-iron  sulphate,  formed  by  the  oxi¬ 
dation  of  lend  nnd  iron  sulphides,  was  noted 
from  the  600-foot  tunnel  level  of  the  Bullion 
Coalition  worldngs  and  from  the  Ben  ITiirrisoa 
mine.  It  is  not  possible  to  state  how  abun- 
diint  it  is  as  an  ore  mineral,  ns  it  has  not 
oonerally  been  recognized.  Zinc  is  pre.sent  in 
the  oxidized  ore  as  the  carbonate  sinilhsonite, 
but  no  bodies  of  oxidized  zinc  coniparahle 
with  those  in  the  sulphide  zone  have  been  de¬ 
veloped.  In  Dry  Canyon,  to  the  south,  zinc 
oi'cUrs  in  considerable  amount  in  the  ox'idized 
zone.  In  numerous  lead  mines  iu  the  West 
oxidized  zinc  has  been  overlooked  or  neglected 
nnd  has  later  been  revealed  in  payable  Ixxlies 
upon  the  examination  of  old  workings,  and  it 
is  possible  that  such  would  be  found  in  this 
district,  though  the  v.Titer  knows  of  no  reason 
except  the  presence  of  considerable  zinc  u\  the 
sulphide  zone  for  so  believing.  The  iron  sul¬ 
phide  has  commonly  altered  to  hj'drous  iron 
o.xide  and  to  the  basic  sulphate. 

TEXOH  OK  XnK  OnK9. 

The  ores  of  the  district  os  a  whole  are  of  rela¬ 
tively  low  grado,  and  concentration  has  been 
necessary  to  raise  much  of  the  ore  to  a  ship¬ 
ping  grade. 

According  to  the  census  report  for  IS80  the 
Srst-class  ores  from  the  Great  Basiu  mine,  the 
niost  important  producer  at  that  time,  aver¬ 
aged  40  per  cent  lead,  from  IS  to  21  ounces 
silver,  tmd  S2  gold  per  ton.‘  Concentrating 
ores  are  estimated  to  have  averaged  8  ounces 
silver  per  ton  and  1.3  per  cent  lead. 

The  ore  in  the  sxilphido  zone,  liko  that  in 
most  of  the  lead-silver  deposits  of  the  State, 
>3  of  lower  grade  than  the  oxidized  ore  and 
Seems  Lkely  to  prove  less  profitable. 

SII.VES. 

fhe  principal  mines  operating  in  tlie  district 
>11  1012  were  the  Bullion  Coalition,  including 
"hat  was  formerly  known  as  the  Honerme  and 
^  »n  earlier  period  us  the  Great  Basin;  the 
*ow  Stockton,  formerly  known  as  the  Ben 
'I*rn.son,  and  the  Galena  King.  Other  pros- 
P®cts  shipped  some  ore  iu  the  same  j’ear. 


Tile  Honcrine  mine  was  located  in  186,')  by 
Gen.  Connor  nnd  in  early  days  made  a  large 
production,  estimated  at  about  S1,2.'S0,000. 
TTie  largest  ore  shoot,  wliich  occurred  at  the 
intersection  of  the  “Honcrine  vein"  or  bed  of 
blue  limestone  and  a  pixuninent  north-south 
fissure,  has  boon  followed  practically  contiim- 
ously,  t  hough  puiehing  and  swelling,  for  1,200 
to  1,300  feet  dovni  the  dip.  Valuable  ore 
shoots  have  been  devekiped  in  other  beils  of 
limestone  at  tlie  inlerseetinn  of  north-south 
fissures,  including  those  locally  known  as  the 
St.  I’atrk-k,  Hcrcuk's,  and  Ada. 

The  mine  was  first  developed  by  u  winze. 
Later  a  tuuncl  was  driven  that  cut  the  main 
ore  shoot  about  600  feet  below’  the  outcrop. 
Wlieii  the  emt  of  pumping  liecnme  excessive,  n 
di'ain  tuimcl  TViis  driven  from  a  point  just 
above  the  Uwel  of  Rush  Valley.  In  1912  tliis 
had  been  e.xtended  bIkuiI  1,200  feet  and  inter- 
sected  the  ore  bodies  about  600  feet  below'  the 
upper  or  600-foot  tunnel.  Lntcr,  pumps  were 
iastalled  and  &  wdnze  sunk  below  the  tuiuiel 
level.  Near  the  portal  a  concentrating  mill, 
which  uliliaes  the  large  flow  of  water  from  the 
tunnel,  haa  been  operated  Internutlently  in  re¬ 
cent  years.  TTie  mine  has  been  operated  in 
part  by  the  company  and  ui  part  by  lesssees. 
Some  of  the  ore  was  hand  sorted  hy  lessees, 
and  second-class  ore  was  concentrated  in  jigs 
to  a  profitable  grade.  t 

The  Galena  King  mine  is  iu  the  gulch  above 
the  Honerme  mine.  TTie  geologic  relations  arc 
hi  general  similar,  though  the  sedimentary 
bods  stand  at  a  somewhat  steeper  angle.  The 
ore  forms  shoots  near  the  intersection  of  cer¬ 
tain  limestone  bods  with  north-south  fissures. 
Oxidation  has  been  rather  complete  to  a  depth 
of  about  800  feet.  Between  800  and  1,000 
feet  sulpliidcs  predominate,  though  there  has 
been  considerable  oxidation.  Some  of  tlie 
shoots  carry  considerable  zinc  in  the  lower 
levels,  though  it  is  not  reported  that  zinc  was 
abundant  in  the  upper  levels.  Tho  originnl 
w’ater  level  was  at  about  the  SOO-foot  depth,  hut 
the  mine  is  now'  drauied  by  the  Honcrine  Uumel 
to  the  lowest  w’oiidngs.  The  mine  is  ilcvel- 
oped  to  the  1 ,000-foot  level  by  uu  iiiclined  shaft. 

The  Ben  Harrison  mine,  of  tho  Kew'  Stockton 
Co.,  is  in  the  northeastern  part  of  the  district. 

'rhesedimeutaxyroclcs  are  n  t  a  higher  horizon 
than  those  farther  .south,  ami  qiiartzitic  sand- 


'Tfath  Conans  U.  S.,  vol,  IS,  p.  «?,  ISSS. 
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stones  prodominnte  with  interbedfU'd  limestone. 
Tlio  dip  of  the  beds  is  nlso  sleeper,  being  nearly 
perpendieuliir  or  loeally  dipping  to  llio  south. 
Dikes  of  porph.^Titie  roek,  similar  in  ehuraeter 
to  the  other  dikes  of  (he  distriet,  aro  present, 
llio  sodimcnliiry  series  here,  as  fnrtlier  south, 
is  cut  by  north- .south  fissures  (hat  dij>  rshher 
s(:e.<iply  west. 

Ore  oeeurs  as  a  replacement  of  tho  limi'stono  ' 
near  tim  intorscetionsof  thenorth-soiith  fi-ssure-s. 
The  miriernli/.ation  is  .similar  in  charaotor  to 
(hilt  fartlier  to  the  .south,  liut  the  deposit's  e.oii- 
tiiin  more,  manganese.  O.xidution  has  been 
rather  ttoiuplefe  (o  a  depl-Ii  of  nliout  SOO  feet 
Ifolow  wiiieh  tlie.  ore  is  mainly  sulphide,  though 
some  oxidation  extends  to  the  1,000-foot  level. 

Tlie  mino  is  opened  by  a  1,000-foot  vertical 
shaft.  It  is  equipped  with  a  mill  of  n  capacity 
of  ahont  .50  tons  a  day.  lu  1912  the  mine 
\va.s  being  worked  by  lessees.  The  second-^’lass 
ore  was  jigged  to  bring  it  to  shipping  grade. 

In  a  property  northeast  of  the  Ben  Harrison 
mine  the  ore,  unlike  mo.st  of  that  from  the 
district,  is  confined  largely  to  tho  nortli-south 
fissures  in  quartzite.  ITie  ore  is  in  part  galena 
and  in  part  o.xidized  and  nins  unusually  high  in 
silver  lor  tliis  district.  Some  of  it  is  siliceous 
and  owes  its  value  mainly  to  silver.  Tho  ore- 
bodies  aro  small  ns  compared  with  those  form¬ 
ing  as  a  replacement  of  tho  limestone  beds. 

Other  properties  in  the  district  have  made 
production  in  the  past  and  some  of  them  doubt- 
Ic-ss  will  contribute  to  the  future  output  of  the 
district. 
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OPiiiK  nisTuirr. 

OEHRRAL  FEATUBES. 

The  Opliir  district  is  on  tho  west  side  of  the  ' 
Oquivrh  Range,  about  S  miles  souLli  of  the  Rush 
Valley  distriet.  It  e.xlcnds  from  Soldiers  Cau- 
you  on  the  nortli  to  the  Camp  Floyd  or  Mercur 
district  on  tho  south.  It  has  three  divisions — 
Dry  Canyon,  iu  the  north,  Ophir  Canyon  in  the 
center,  and  Lion  Hill  iu  tho  south.  Previous 


to  1912  tho  ores  from  tho  Opliir  and  Lion  HiU 
districts  were  freiglitcd  to  St.  Johns  and  those 
from  ]9ry  Canyon  to  Stockton.  In  1912  a 
standard-gage  railroad  was  completed  from  St. 
Johns  to  Ophir. 

Tlic  district,  is  one  of  strong  relief.  The  crest 
of  the,  range  is  about  1(),.500  feet,  and  tlie  plniii 
at  its  western  huso  about  4,500  feet  above  sea 
level.  The  western  slope  is  cut  into  a  series  of 
ridges  separated  by  deep  ciinyon.s,  of  wluch 
Soldicis,  Diy,  uiul  Ojihir  ran3^ous  are  the  most 
important. 

GEOLOGY. 

The  rooks  of  the  district  are  largely  sedi¬ 
mentary’,  though  there  are  dilvcs  and  siUs  of 
inli-usive  rocks. 

SEUIMEN'TARY  BOCKa. 

The  sedimentary  rocks  consist  of  quartzites, 
shales,  and  limestones  ranging  in  age  from 
Ctunbrian  to  Carboniferous.  The  lowest  forma¬ 
tion  e.xposed  is  a  medium-grained  reddish 
Cambrian  quartzite  on  tho  north  side  of  Ophir 
Canyon.  Its  thickness  is  not  known,  though 
several  hundred  feet  of  its  upper  portion  is  e.x- 
posecl. 

Overlying  tho  quartzite  is  a  scries  of  shales 
with  interbedded  limestone,  to  which  the  name 
Ophir  formation  Ls  herein  given.  (See  p.  79.) 
These  rocks  show  some  metamorphkm,  tho 
shales  especially  having  developed  a  schistose 
character.  Certain  beds  of  the  limestone  are 
commonly  composed  of  light-gray  and  dark- 
gniy  hands,  most  of  them  only  a  fraction  of  an 
inch  thick.  Both  the  light,  and  dark  effer¬ 
vesce  with  diluted  hydrochloric  acid,  but  the 
light  aro  apparently  the.  purer.  In  many 
places,  whero  partly  replaced  by  ore  or  otlier 
minerals,  tho  banding  is  preserved.  This  sc¬ 
ries  has  a  thickness  of  upward  of  100  feet. 
Fossils  collected  from  it  were  reported  by  L.  D. 
Burling  to  bo  of  Lower  Cambrian  age  and  (ha 
rocks  to  be  probably  correlated  with  the 
Pio<'he  shale.  Overlying  tho  shales,  apparently 
conformably,  a  groat  thickness  of  rather  heavy 
^  bedded  limestones,  mostly  bluish,  with  som« 
lighter  colored  and  a  few  shaly  beds,  c.xteJiJa 
into  Dry  Canyon.  North  of  Dry  Canyon 
considerable  quartzite  is  interbedded  with  tho 
limestone.  A  poorly  preserved  trilobite  col¬ 
lected  several  hundred  feet  above  the  shalo 
scries  was  reported  by  Hr.  Burling  as  probably 
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CHinbrinii.  Ciwnsl  and  Kcap  '  report  i  ,200  fput 
of  Giunbrian  limestone. 

The  lowest  horizon  from  which  Ciu-hoiiifcr- 
oiis  fossils  (lielermincd  bv  G,  H.  Girty  to  ho. 
lower  Mississippiau)  wore  collected  is  200  to 
300  feet  below  llie  ore  bed  of  the  Cliff  mine;  and 
sererul  collect  ions  made  between  this  level  and 
the  summit  of  the  divide  between  Opliir  and 
Diy  canyons  proved  to  be  of  the  same  a''o. 
Collections  from  the.  north  side  of  Dry  Canyon 
Hnd  from  midway  between  Dry  and  Soldiers 
canyons  proved  to  be  upper  Mississip])h)ii,  and 
fo.ssiIs  from  ju.st  north  of  Soldiers  Canyon  were 
(lelernujicd  as  Pomisylvanian. 

Spc<inicns  of  dark  slnily  rock  collected  from 
the  dump  of  the  Hidden  Treasure  muio  in  1912 
proved  on  c.xaininution  in  the  Survey  lahora- 
toiy  to  be  phosphatic.  Since  that  tinio  con¬ 
siderable  pliosphatic  rock  has  been  reported 
from  this  horizon. 

In  Lion  Hill,  south  of  Ophir  Canyon  the 
s<une  sorira  of  rocks  is  exposed  as  to  the  north, 
though  the  section  is  not  so  complete.  Neither 
the  Cambrian  quartzite  nor  shjUe  series  is  e.x- 
posed  south  of  the  canyon,  and  the  rocks  have 
been  orcxled  from  the  surface  down  to  the 
lower  CiirbonifwoJis. 

Suflieient  fossils  have  not  been  collected  to 
show  how  much  of  tl\6  great  series  of  limestones 
belongs  to  the  periods  between  Cambrian  and 
Carboniferous.  No  fossils  of  Dovonian,  Silurian, 
or  Ordovician  age  were  collected,  and  no  sedi- 
nienU  may  have  been  deposited  dming  those 
periods,  though  this  does  not  seem  probable,  ns 
both  Ordoviiuan  and  Devonian  nro  present  in 
(ho uoighboring  Tintic  dist rict.  Uuconformit  ics 
are  present  iu  the  Tintic  district  below  tlio 
Carboniferous  and  Ordoviciiin,  and  it  is  possi- 
I>lo  that  the  Devonian  and  Ordovician  and  the 
upper  part  of  theTlainbriau  were  removed  by 
eroiiou.  It  seems  probable  that  the  lower 
h200  feet  of  the  formation  is  pre-Carbonifer- 
UU8  and  may  include  some  post-Cambrian 
strata. 

Kl.seous  ROCKS. 

Igneous  ro<>ks  have  relatively  slight  areal 
uislributiou  in  tho  district.  The  largest  bodies 
SCO  around  Lion  HiU,  where  they  have  been 
(^appwi  l>y  Emmons  and  Spurr.  In  his 
^Port  on  the  Mercur  district  to  the  south 
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Spi^3  has  described  two  t\T)es  of  porphjTy 
which  bo.  has  called  the  Eagle  Hill  and  Birds¬ 
eye  por])hyries.  The  "Birdseye”  is  composed 
of  ubimdant  phenocrysts  of  feldspar  with 
rather  jilcutiful  blotite  and  a  few  phenocrysts 
of  quartz  in  a  fine-grained  groimdmnss.  The 
rock  Ls  commonly  highly  altered  and  its  origiiinl 
conijiasition  can  not  bo  positively  ilotonnined, 
Uioiigh  it  is  probably  that  of  a  quiirtz  nion- 
zonlto.  riio  Eagle  Hill  porph3Ty  is  a  fine- 
graiiieil  rock  containing  few  inconspicuous 
phenocrysts  of  feldspar,  biotite,  and  qinirfz. 
Tho  fiTshest  rock  is  light  grav  to  iionrh-  while 
hnt  in  jihices  altera  to  yellow  or  pinkish.  It 
also  is  too  highl)"  altered  to  permit  ilofcrrnLnu- 
tion  of  its  origiiuj  composition,  thougli  it 
appears  to  have  been  more  acidic  than  the 
‘ '  Biriisoye  ’ '  porphjTy . 

Tho  “Birdseye”  porphyry  outcrops  at 
numerous  points  around  Lion  Hill  and  has 
been  eno.ountorcd  in  the  underground  work¬ 
ings.  Apparently  it  forms  n  .sheet  between 
tho  limo.stono  strata.  It  is  also  present  on 
Porph}Ty  Hill  and  Porphyiy  Knob  southwest 
of  Lion  Ilill. 

ITio  Eaglo  HiU  porphyrj’'  is  shown  on  a 
reconnnissiuice  map  by  Emmons  and  Spun-  ^ 
as  a  sheet  near  the  summit  of  Lion  lliU,  but 
the  rock  is  difficult  to  recognize  in  its  highly 
altered  condition,  and  a  detailed  study  of  tho 
area  is  necessary  to  determine  its  e.xteut  and 
position. 

North  of  Ophir  Canyon  dikes  cut  tho  lime¬ 
stones.  One  striking  generally  north  outcrops 
oast  of  the  Cliff  mine  and  can  be  followed  with 
some  interruptions  for  more  than  a  mile.  Near 
tho  divide  between  Ophir  and  Dry  canyons  its 
outcrop  forms  a  conspicuous  white  cliff.  Tho 
rock  is  fine  grained  and  resembles  the  Eagle 
Hill  poiqiliyiy. 

Several  dikis  arc  present  in  Diy  Canyon,  all 
of  those  noted  slrildng  generally  north.  Some 
of  them  contain  abundant  porph^Titic  ciystals 
and  resemble  the  “Birdseye”  porphyry  moro 
strongly  than  the  Eagle  Hill  porpliyry. 

Spurr  considers  that  tho  two  tj’pcs  of  por¬ 
phyry  of  the  Mercur  district  wore  derived  from 
a  couinion  magma,  and  it  seems  probable  that 
tho  same  holds  true  for  the  porphyries  in  tho 
Ophir  district. 

>  SjiHfT,  J.  K.,  Bconotnio  (oology  of  tho  Moroiir  minlnjJtjilrfet:  V.  8. 
Ocol,  Survoy  Stxtoonth  .Vnn.  Kept.,  pp.  3r7-ssi,  l»M. 
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ktkuctcre. 

F(M<i—FoUmq;  is  the  most  prominent  stru^ 
turnl  feature  in  the  Ophir  district  niid  is 
beautifully  shown  on  tho  steep  slopes  of  OpKir 
Canyon.  Emmons  and  Spurr  ‘  havo  shown 
that  tho  southern  end  of  tho  Oquin'h  Range 
consists  of  u  broad  anticline  on  tho  west  find  a 
corresponding  syneline  on  the  east,  both 
striking  generally  northwest.  crest  of  the 
anticline  passes  about  through  tho  summit  of 
Lion  Hill,  through  fbo  main  workings  of  tho 
Ophir  Hill  mine,  n  littlo  west  of  tho  principal 
mines  in  Dry  Canyon,  and  through  (ho  work¬ 
ings  of  tho  Queen  of  the  Hill  mine  on  the  north 
side  of  Dry  Canyon. 

From  Ophir  the  rocks  of  ibo  western  anticline 
dip  away  in  all  directions  in  a  pronounced  dome 
or  quaquavei'sal  structure..  Tho  dips  to  the 
north  arc  rather  pronounced,  being  as  much  as 
25°  to  .30°  just  north  of  Ojibir  and  becoming 
steeper  farther  north.  vSouth  of  Ophir  Canyoc 
the  dips  are  much  less. 

Favlts. — In  dotermining  tho  principal  largo 
features  of  this  part  of  tho  range  faulting  has 
been  much  less  important  than  fold  mg.  Some 
faults,  however,  are  iinportiint  structurally 
and  some  of  less  magnitude  are  important 
economically. 

Tho  important  Ophir  Conyon  fault  strikes 
north  of  east,  nearly  parallel  witli  Ophir  Canyon, 
and  dips  steeply  south.  Tho  vertical  force 
that  domed  the  strata  apparently  ejuMed  them 
to  break  iJong  tho  lino  of  this  fault  and  raised 
the  portion  to  the  north  more  than  that  to  tho 
south,  bringing  the  Cambrian  quart/.ites  against 
the  lower  part  of  the  great  limestone  series. 
Tho  displacement  was  greatest  at  tho  center 
of  tho  domo  and  decreased  both  to  (  he  east  and 
west.  To  detonnino  the  throw  of  the  fault 
will  r(*quu  o  detailed  geologic  work  to  con’chito 
the  corresponding  horizoas  in  tho  limestones  on 
opposite  sides  of  Ophir  Cim3'on.  It  is  ondent, 
however,  that  tho  throw  is  at  leo-st  equivalent 
to  the  thickness  of  tho  Cambrian  quartzites 
and  shales  e.xposed  to  tho  north  of  the  fault, 
which  lunounts  to  several  hundred  feet. 

Faults  parallel  to  the  main  Ophir  Canyon 
fault  \sith  throws  of  40  feet  or  1p.«s  have  been 
encountered  in  the  workings  of  the  Ophii-  Hill 
mine,  and  other  minor  faults  uro  picaerit  toward 
the  Dry  Canyon  dinde.  In  the  Dry  Canyon 
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area  detailed  mapping  will  be  rcquiied  to 
determine  tho  position  and  throw  of  the  rather 
complex  faults.  Some  of  the  important  ore 
bodies  of  this  district  are  reported  to  have 
been  cut  oft'  by  faults. 

Fissiires. — ITio limestone  1ms  been  Imokcnby 
fissui*es  that  trend  generally  north.  They  show 
little  displacement  and  are  important  chiefly  as 
ohamu’ls  for  the  orc-bcariiig  solutions.  Tliey 
can  not  be  recognized  or  traced  on  the  sur¬ 
face,  and  their  distribution  is  kuowm  only 
so  far  n.s  they  havo  been  encountered  in 
mine  workings.  From  this,  however,  they 
appear  to  bo  most  abimdant  near  the  crest  of 
tho  anticUno  an<l  to  decrease  in  importance  us 
the  distance  from  the  crest  increases.  Tliis  is 
of  coimso  tho  coiulitioii  that  would  be  normal 
If  tliey  havo  n«ultcd  from  the  bending  of  the 
limestone  beds,  for  the  crest  of  the  imticlinc 
would  bo  subjected  to  the  greatest  strain. 

ORE  DEPOSITS. 

Tlie  ore  deposits  of  the  district  show  a  gen¬ 
eral  similarity  in  mode  of  occuiTcnce  but  differ 
greatly  in  metal  contents.  Tlie  Diy  Canyon 
and  Ophir  Canyon  ores  carry  lead-silver  and 
some  zinc  and  copper;  and  the  ores  from  Lion 
Hill  cmrry  typically  silver,  commonly  some 
gold  and  load,  but  veiy  little  copper  and  zinc. 

RKPLACKltfKNT  DEPOSITS. 

Practicoll}'  all  tho  deposits  of  the  district 
havo  formed  as  replacements  of  certain  beds  of 
limestone  in  typical  shoots  or  pipes  following 
tho  intersections  of  the  replaced  beds  and  tho 
ore-bearing  fissures.  In  detail,  however,  they 
differ  con.siderably.  In  some  replacement  has 
extended  for  a  considerable  distance  from  the 
fissures  and  baa  formed  tabular  bodie-s  of  ore; 
inothoro  it  has  formed  relty/ively  small  pipes. 
Tho  position  of  tho  ore  shoot  is  largely  con- 
ti’oHcd  by  the  position  of  the  replaced  limestone 
bed  ami  the  ore  fissure.  Most  of  the  fissures 
are  veiy  steep,  and  many  of  them  are  nearly 
vertical,  but  the  dip  of  tho  limestone  beds 
varies  gi-ohtly,  and  this  dip  govenis  the  pitch 
of  tho  ore  shoots. 

ALTKBA-nON'  or  TIIE  UMEMTONE. 

In  some  places  the  alteration  of  the  lime¬ 
stone  by  the  ore-bcariiig  solution-s  consists 
mainly  of  a  replacement  of  the  rock  by  the 
sulphide  minerals  forming  the  primary  ore.  Xn 
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A.  SPECIMEN  OK  ROCK  FROM  THE  OPirill  RILE  MINE.  SUOWINU  ALTERATION  OK  I.I.MllvrONF. 

THAT  CONTAINS  ORE  DEPOSITS. 
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®-  I“HOTO.MICROGHAPH  showing  GRADATION  FROM  EPIDOTE  LAVER  TO  QUARTZ ^HTHOCLASE  lAVER. 


riKhl  ari:,,  y  B,aj„|y  q„artz  and  craiiw  of  py-i-o;  upiwr  Icfl  are.i,  guaru  and  orl!iociA«  with  >ome 

cptilutc.  litiloTK^i  Mi  diameter*. 


TJ.  S.  GE01.0Q1CA.I,  PtmvKT 


PROFESSIONAL  PAPER  Ill  PLATE  XXXVUt 


VIEW  OF  WESTTINTIC  DISTRICT  IN  THE  VICINITV  OF  SCOTIA  MINE,  SHOWING  CHARACTERISTIC  EXPOSURE  OF  GEOLOGIC  FOn-\UATION3. 
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Other  pbu'.es  t.hc  churaoter  of  the  liincstoiu*  lul- 
jaeent  to  the  ore  has  been  entirely  ehang('.(l. 

In  the  Dry  Canyon  area  (lie  limestone  shows 
relatively  slight  alteration.  It  has  undergone 
aoine  though  usually  not  pronounced  ailieifica- 
tion  and  cxtntuins  some  silicate  minerals.  Voin- 
lika  masses  of  tremolite  and  wollastonite  in 
liujcst^me  found  on  the  dump  of  (ho  Hidden 
Treasure  niino  have  apparently  residtetl  from 
renlflceiuent  along  fissures.  In  the  siJicified 
rock  nearly  peilect  quartz  crystals  in  carlxinatc 
grain*  ami  rather  abundant  negative  rhombo- 
hcdral  crystals  filled  with  liquid  and  gas  are 
preaenl,  indicating  that  the  carbonate  has  ulsii 
been  recrysLalli/.ed.  The  gas  bubbles  in  these.; 
cavities  do  not  ordinarily  occupy  more  than 
20  per  rent  of  the  space.  Near  the  Clilf  mine 
garnet  intc^g^o^\'T^  with  sulpliides  was  collcctMl 
at  several  points.  Epidolc  was  noted  in  a  sim¬ 
ilar  rcliition,  and  it  i.s  evident  that  these  sili¬ 
cates  have  resulted  from  the  action  o  the  ore 
solutions  oil  the  limestone. 

The  limestone  beds  adjacent  to  the  ore  luitlics 
of  the  0])bu’  IIUl  mine  have  sufl'ered  very  great 
changes.  Ijoast  altered,  is  a  light-grn}'  liine- 
stoiio  having  a,  rather  striking  and  character¬ 
istic  banding  of  light  and  dark  gray  layers, 
both  of  which  effervesce  freely  with  dilute  hy¬ 
drochloric  acid.  No  chemical  analysis  of  the 
rock*  has  been  made,  but  the  lighter-colored 
bands  from  qualitative  tests  appear  to  consist 
of  nearly  pure  calcium  carbonate  and  the  darker 
beds  to  contain  more  impurity,  mainly  in  the 
fo  m  of  silica.  In  the  ore  deposits  tills  lime¬ 
stone  has  been  largely  replaced  by  ore  sulphides 
and  by  gangue  minerals  and  tills  grades  along 
thebeilding  into  rock  that  has  been  converted 
very  largely  into  silicates  and  quartz  and  some 
sulphidcii.  Th '  bunding  has  commonly  been 
preserved  in  thi.s  ultei  atioii  (see  Pl.XXXVH), 
except  that  instead  of  forming  conthiuously  in 
the  bonds  the  secondary  minerals  havo  in  many 
P^wes  fonned  in  loiis-shapcd  bodies  along  a 
particular  biiiul. 

In  this  altered  rock  epidote  is  abundant  in 
pecn  bunds  or  lenses,  surrouiiclcd  by  a  light 
wad  about  im  eighth  of  an  inch  thick  and  the 
■■einaiader  consists  of  a  gray  mass,  resembling 
^Itered  limestone  but  harder.  In  thin  scc- 
Wn  t^  gi'ceri  areas  are  seen  to  consist  largely 
"  ^idote  with  minor  amounts  of  orthoclasc 
'•'(G  a  low  crystals  of  wollastonite.  The  light 
‘fi'a  Surrounding  the  epidote  is  composed 


largely  of  orthoclasc  and  some  epidote;  and 
the  gray  mass  consists  of  orthoclasc,  minute 
crystals  of  epidote,  quartz,  and  sericite,  which 
in  places  is  rather  plentiful.  Tho  minerals  in 
these  gray  areas  are  vei'y  fine  grained  and 
difficult  of  detenniriatiou,  and  it  is  possible  (hat 
still  others  are  present.  It  is  evident,  however, 
that  the  more  imporUmt  minerals  i-esultiiig 
from  the  alteration  are  epidote,  orthoclasc, 
sericite,  and  quartz. 

A  partial  analysis  of  tlio  material  of  the  gray 
areas  and  the  light  bands  by  W.  0.  Wieelcr, 
of  the  United  States  Geological  Survey,  .gave 
KjO  9..10  per  cent,  Na...O  0.S3  per  cent.  If  the 
alkalies  arc  all  ciJculatcd  as  feldspars  it  gives 
63  per  cent  ns  the  feld.spar  content  of  the  rocls.  - 

It  may  be  mentioned  (liat  locally,  especially' 
along  the  contact  of  quartzite  mid  limestone, 
sericite  (muscovite)  i.s  pre.sonl  in  relative  jiurity 
as  a  white  micaceous  substance  c<nnmonly 
called  “talc.” 

The  tyqjical  alteration  of  the  liiuestono  at 
Lion  Hill  is  siheifientiou,  tho  altered  limestone 
or  “zone  rock”  being  very  liirgely  replaced  by 
quartz.  Considerable  sericito  is,  however,  scat¬ 
tered  tlvrough  the  rock  and  in  places  is  rather 
abundant;  barite  is  also  nitlior  plentiful  but 
typically  is  a  vein  rather  than  a,  replacement 
mineral. 

The  alteration  in  the  area  is  confineil  to  a 
ratlier  definite  stratum  ranging  from  a  few 
feet  to  sevonJ  scores  of  feet  in  thickness  that 
normally  and  possibly'  invariably'  lies  directly 
or  clasely  beneath  a  sheet  of  porphyry'.  It  is 
in  this  area  of  altered  rock  that  most  of  the 
ore  bodies  have  been  foiiml  and  for  this  reason 
it  is  coinmoiJy'  <lesigiiatcd  in  the  district  as 
the  "zone  rock.” 

DKV  (■A,.VYO.V. 

In  the  early  days  of  mining  Dry  Canyon 
yieldctl  large  amounts  of  ore,  some  of  it  of 
high  grade.  At  the  time  of  visit,  in  1912, 
there  was  comparatively'  little  actmty.  Les¬ 
sees  were  taking  ore  from  tlio  Hidden  Treas¬ 
ure  property  both  from  underground  and 
from  the  old  dumps,  and  some  ore  was  being 
taken  from  other  properties.  Since  1912  con¬ 
siderable  zinc  froth  oxidized  ores  and  other 
metals  has  been  produced. 

As  in  many  of  the  older  districts,  the  in¬ 
accessibility  of  many  of  the  workings  makes 
study  of  the  ore  deposits  rather  unsatisfactory. 
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Moreover,  there  h.is  been  coiisificrable  faulting 
that  cm  be  worked  out  satisfactorily  only  by 
detailed  mappuig.  nio  following  notes  on  t.ic 
mines  are  deiivcl  in  part  from  early  descrip¬ 
tions  and  in  part  from  the  writer’s  observa¬ 
tions.  l^'or  several  mine.s  no  data  are  avaiJablo. 
The  oxidized  zinc,  and  copper  ores  have  been 
described  by  Loughlin-' 

Jfiddf.n  Trtasure.  fninc. — ^Tlie  nidden  Treas¬ 
ure  mine  was  the  first  to  be  located  in  the  l)iy 
Canvon  and  has  been  one  of  the.  largest  pro¬ 
ducers.  Tiio  limestone  beds  strike  about 
N.  70“  K.  and  dip  about  ■h)''  NW.  'i'hese  beds 
are  cut  b)'  fissures  striking  N.  (o  40“  W. 
and  by  several  porplijTy  dikes,  which,  how¬ 
ever,  appear  cot  to  be  intimately  associated 
with  the  ore. 

The  ore  deposits  have  formed  as  u  replace-  , 
ment  of  the  limestone  adjacent  to  tho  fissures. 
The  workings  have  boon  described  as  follows:*, 

The  circ  ia  found  in  one  or  two  rhinaicj's  in  n  hedded 
vein  in  u  compact  hliiisJi  limcatono,  which  dips  almut  30“  i 
N.  32“  \V,  Alxjnt  3  feet  al)o\'c  tlie  ore  there  ia  a  contact  ' 
vein  nn  inch  or  ao  in  width  between  an  overljangatratam 
of  eiliceoua  aloto  (loi'ally  called  “block  slate")  and  the  ^ 
limcHiono  beneath.  Verj'  taojly,  however,  does  the  ore  ' 
l)ody  make  lo  the  contact  (in  Rome  of  the  upper  works  tlie 
oro  was  on  the,  contact).  One  chimney  hogan  at  the  enr- 
face,  oc  at  least  within  GO  feet  of  it,  and  continued  for  GOO 
feet.  It  then  split  into  two  ch;inDo)'B,  which  coDliniicd 
8(X)  feet  or  more.  The  upper  chimney  was  from  20  to  100 
feet  wide  and  from  3  to  20  feet  thick.  The  branchca  were 
from  10  to  2b  feet  wide  and  from  1  inch  to  20  feet  thick. 
The  oru  found  in  tho  Chicago  mine  wiia  in  two  hedded 
pipes,  which  were  ui  u  limestone  atratum  about  100  feet 
beneath  these  ore  bodies.  The  pipea  turnerl  upwani  and 
finally  connected  with  tho  Hidden  Treasure  vein.  The 
oro  of  the  Hiddon  'rreasuro  is  a  soft  reddlHh-brown  ocher 
containing  corusite,  galena,  and  r  races  of  copper  carbon- 
fttfja.  It  naaays  from  15  to  10  ouncea  ailver  and  20  to  50 
per  cent  lead.  A  tow  hundred  feet  to  the  north' of  this 
mine,  in  the  direction  in  winch  the  ore  bodies  dip,  a  great 
dike  of  granitic  tiorpb>Ty  cuts  llirengU  tlie  I’ouQtry.  Tlie 
mine  was  formerly  opened  by  five  iurline!i,  three  of  which 
were  in  oro.  and  several  tunnels.  It  was  worked  at  the 
period  under  review  through  a  •'iOli  fo.it  tunnel,  from 
which  an  MO-foot  incKuo  was  sunk  between  the  two 
chuloa  of  ore.  The  extent  ol  the  workings  on  this  atmtum 
was  1  ,(i00  feel  on  the  dip  and  d-X)  feet  horiz<.int3tly. 


Since  Iho  above  tlpscriplion  was  written,  n  i 
lower  tunnel  has  boon  ilrivcu  and  connected  | 
with  the  old  workings,  I 

The  production  in  tho  early  days  wn.s  from , 
tho  load-.silvor  ‘  ‘carbonate”  ores.  Zinc  blende 


'  t.jujshlin,  0.  F.,Zlncc-arl>,)Tiiiii  ttu>l ivlalrtl  (Mpper  oulioujiioMrsai 
'^•®'^r“*-Sunry  Dutl.iS«,pp.  1-1 1,  IBIS  (Bull.  a»-A) 
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is  mentioned  as  occurring  in  tho  mine,  but  at 
that  time  zinc  ores  were  of  no  vaJue.  In  I912 
the  principal  production  was  iu  tho  zinc  carbon- 
ate  ore  that  wa.s  being  taken  from  old  stopcs 
from  v/hich  lead  oro  had  been  o.xlrnctcd.  Ap¬ 
parently  tho  zinc  oro  was  nearly  free  from  lead 
and  according  to  dc.sciiptions  much  of  the 
Icjvd  oro  mined  was  coinparatively  free  from 
zinc,  suggesting  u  soparatioii  of  the  two  metals 
diudng  oxiilaliou.  In  places,  however,  the 
o.xidized  zinc  ore  could  be,  tnnx'.d  into  sulp'aide 
ore,  wliich  wius  quite  os  free,  from  lead  as  the 
zinc  ore,  a  fact  which  strongly  sngge.sts separa¬ 
tion  of  the  sulphides.  Both  the  sulphide  and 
carbonate  zinc  ores  were  relatively  low  in  silver. 
Tliat  zinc  oro  was  rather  abundant  in  tho  mine 
is  shovui  by  tlte  amount  thrown  on  tho  dump 
ns  waste  in  the  extrimtion  of  the  lead  ores.  In 
1012  tho  dumps  were  being  sorted  principally 
for  their  zinc. 

Chopper  is  present  but  not  in  largo  quantity. 
It  is  generally  in  tho  form  of  the  carbonates, 
malachite  and  azmitc,  though  tho  copper- 
iron-lead  sulphate  beaverite  and  the  double 
copper-zinc  carbonate  aurichnlcito  were  col¬ 
lected  from  the  mine  dump.  Some  specimens 
of  tho  zinc  ore  that  were  not  stained  with 
iron  are  slato-bluo  in  color  and  on  testing 
show  the  presence  of  considcrablh  copper. 
It  is  probable  that  this  bluish  zinc  car¬ 
bonate  (xintains  variable  amounts  of  copper 
and  that  it  is  not  of  definite  composition. 
Specimens  collected  from  the  dump  show  the 
replaconieut  of  sphalerite,  chtdeopyrite,  and 
galena  by  covellite,  but  no  opportunity  w» 
afforded  for  detcrminbig  the  amount  of  tliia 
secondary  sttiphide  oro. 

Chica{fo  wine. — llie  Ciiieago  mine  is  de¬ 
scribed  as  follows ;  * 

Tho  Chicago  mijio  woa  l(K:al,e<l  in  1871,  and  sold  to*® 
Englisli  company  soon  afterwards.  Tho  mine 
\igoniiisly  for  sovoral  years  but  has  linon  Idle  since 
Ore  was  found  in  two  pipes  GO  fool  apart  in  the  ‘  rce  • 
limestone  under  the  Hidden  Trcasiu'c.  Thw  P'i’*'**^*^ 
to  within  a,  few  feet  of  tho  siirfuco,  covered  only  hy  t 
iron  cap,  and  diverge:!  somewhat  as  they  wont  ojra. 
They  were  in  general  about  2J  font  in  ‘hamettf  '• 
varied  in  shape  lonsidornbly,  ospecially  beyond  ^ 

Ono  pipe  a  0.1  followed  1,300  font,  and  decreased  in  * 
until  it  was  only  6  inches  in  diameter,  when  » 
abandoned.  This  had  five  smallor  pipes  hratichin^ 
it.  Tho  *<K'ond  pipe  went  down  rpilte  regularly 
feet,  then  suddenly  rose  00  feet  and  continued  on _ _ 

•  T»mh  Crdsus  ir.  8.,  voL  13,  p.  ««. 
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rourW'  A  smonil  ri»<'  brought  it  to  the  Hidden  Tn>«<!i«re 
vein.  a'wy-'V?  fr»n»  25  to  .A5  ounces 

gilviT  .itid  ironi  10  to  ^.5  pw  rout  k-nd.  On  llio  sides  of 
ihu  pipe  there  is  iimwily  from  6  ioclies  to  a  kxit  of  a  valun- 
l<ai  oxide  of  iron,  froriiuHitly  stained  by  t  opper  rartioii- 
ttw  Tiie  tolid  mttinjja  amount  to  alx-sit  S.itOO  loot. 
He  mine  prodared  oonsidoraltly  over  12.000  tons  of  ore, 

}foiio  mint, — Hu'  Mono  miiiP  hns  beou  one 
oftlielnr^opnxlurt  •rs  of  tho  (list  rir.l.  Tlu'  cxort 
tnetnl  output  is  not,  known  but  hns  bt'on  esti- 
mafeti  at  about  SI  ,()0(),lX)0.  Tho  nniin  ]n-0(liic- 
lion  ww  miulo  in  enrly  dnys,  when  a  shoot  of 
vety  rkli  oru  "'iU»  foUowoii  til]  (as  rt'portod)  it 
ra-s  cut  off  by  o  fault.  For  part  of  its  e.xtcnt  at 
kwst  tho  ore  shoot  nndtuTics  a  rufhor  thir-k  bed 
(if  black  shale  which  in  ninny  places  hns  been 
crushed  to  an  imporvlous  gouge  that  aiipeai-s 
to  hneo  stopped  the  oro  solutions  nnd  caused 
them  to  replace  the  limestone  unclernoath. 
The  early  workings  were  describexl  as  follows ;  ‘ 

0n»  began  a*,  the  nnrfac'o  .and  was  fminif  in  a  rhute  from 
W  to  M  ^t  looR,  from  H  to  .5  fool  \vido,  and  300  f(?ot  (loop. 
Beknr  that  depth  it  was  in  n  eoriea  of  fnimll  deposits.  It 
wM  an  oxidised  ore,  from  silver,  lend,  copper,  and  iron 
aulphiiiM.  Slala  of  horn  .silver  were,  frequently  found  eo 
soft  that  they  would  rotain  the  impr(?ssion  of  it  roin,  like 
irax.  Its  v.iluo,  by  tho  ton,  waa  from  $1.50  ti>  95,000  in 
silver.  This  oro  ocriira  in  .n  strulum  of  et.xy  shale.  The 
oro  chute  sccm.s  to  cro*(  this  elmtum  and  enter  a  hlack 
shalont  adepth  of  lOOftret.  In  tho  lower  workings  tho 
orewxs  limitrxi  in  quantity  and  onlyaaeayed  at>out$l00 
per  tou. 

The  ifono  timnel  is  In  (he  gulch  about  800 
feet  below  the  upper  workings  and  is  designed 
to  develop  tho  area  at  greater  depth.  Some 
ore  btts  been  found  in  this  tunnel,  but  ns  yet  no 
bodies  comparable  in  amount  and  value  to 
those  ill  the  upper  workings  have  been  found. 

Quern  of  the  Hillji  mine.- — ^The  Queen  of  the 
Hills  mine,  including  the  Queen  of  the  Hills, 
Flavillti,  nnd  Mahogany  locations,  was  not 
ill  openUion  nt  the  time  of  visit.  These  claims 
have  been  described  as  follows;' 

Tkewo  rlaima  are  on  three  rhiinneya  in  a  liedded  vein 
rum  1  to  6  feet  wide,  dipping  17°  to  2.;>'’  \V.  Iietwoon  a 
^  koouB  limiaCone  alove  and  a  blue  liinealone  ntratura 
^low.  •  •  «  -pji^  chimneya  is  N.  30°  W., 

w>ini{ohli(,uotothediiiof  tlio.Htrata.  '  «  ‘  The  Cmt 

caiotuy  waa  350  feet  long  (before  being  cut-  by  the  fault) 

_  waa  from  2.'i  to  40  feet  wide,  having  a  thicknew  of  from 

Uuhoa  to  2  feet  of  (Hrhuroua  ore  containing  but  little 
iipper  and  said  to  assay  from  20  to  25 ounces  silver  and  50 
^  CTOt  lead.  .  Tlie  socond  chimne.v  was  1.000  feet  long, 
^  in  0  to  70  feet  wide,  nnd  also  bad  from  IS  inciies  to  2 


tet  of  ore,  genemlly  upon  Iho  hanging  wall,  assaying  aliout 
40  oiincw  silver  and  30  per  cent  lead.  Tlio  thini  .  hinmoy 
was  alioiit  tho  saiue  sire  as  the  socond.  but  the  ore  conlaimsl 
some  lolrc.h<>driu.,  niHck  mtilarhito.  and  little  lead,  and 
nte-ayed  alwiit  fiO  onnece  silver.  Recently  tine  ore  kaa 
lieen  shipiW  from  this  mine. 

Keorsfii'cit  tiiine, — ^Thc  Kearsargi'  mine  hns 
bemi  described  its  follows:’ 

Tin*  oiv-bearin.?  formation  is  a  stratum  of  liaiostone,  in 
wliich  ihc  ere  orcura  in  chimnexu  atid  exceedingly  irregu¬ 
lar  ntis^ea.  The  overlying  stratum  or  hanging  wall  is  a 
V('ry  coiiii'.act  silicooiia  liiueaiooe.  One  cliiinnoy  Itegan 
at  the  aim'ace  and  went  down  .1(10  feet.  •  *  •  Tho  ore 
is  a  soil  ochor.  similar  to  that  of  the  Hidden  Treasure  hut 
nnii'h  richer.  Tlie  mine  was  opened  by  a  04.>-foot  incline, 
having  a  dip  of  :kl°  to  35°,  The  ore  continued  in  the  bot¬ 
tom  of  ilie  incline  20  inches  in  width,  but  water  had 
stopped  the  work. 

Other  tiiinrs.-— Other  miaes  that'  made  con- 
sidomble  productimi  in  early  days  were  the 
Deseret  group, Utah  Queen,  Snernmen to,  Moun¬ 
tain  Savage,  Emporia,  Fotu'th  of  July,  mid 
Wandering  Jew, 

ornin  casvom. 

Cliff  mine. — ^The  Cliff  mine  is  on  the  north 
slope  of  Ophir  Canyon,  a  few  hundred  feet 
below  the  Dry  Canyon  divide.  The  mine 
was  worked  in  the  early  days  and  since  1905 
has  been  one  of  the  important  producers  of  the 
district. 

The  sedimentary  rocks  are  limestones  of 
lower  Carboniferous  age,  probably  near  the 
base  of  the  Carboniferous,  for  fossils  of  this  age 
wore  found  only  a  few'  hundred  feet  below  the 
oro  horizon.  Tho  main  development  is  a  little 
to  the  cast  of  the  crest  of  the  anticline,  where 
the.  sodiraentai'y  beds  dip  about  .30°  a  little 
east  of  north.  A  prominent  porphyiy  dike 
striking  about  north  and  dipping  steeply  en.st 
cuts  the  sedimentary  series  a  short  distance^ 
west  of  the  niniii  workings.  The  sedunentary 
rocks  are  also  cut  by  fissures  striking  a  little 
cast  of  north  nnd  dipping  steeply  east. 

Ore  bodies  have  been  developed  as  vciy 
irregular  replacements  of  the  limestone  along 
four  fissures  at  two  main  horizons  40  to  50  feet 
apart.  They  pitch  northeast  in  common  with 
tho  intersection  of  the  bedduig  and  fissures. 
The  limestone  associated  with  the  ore  has  been 
silicified  nnd  garnctized  to  some  extent.  The 
contact  of  the  limestone  and  porphyry  dike 
has  been  prospected  for  a  short  distance. 
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Romo  iniiicrnlizocl  rock  is  present  but  no  ore  lias 
been  foiiiul. 

Tbo  principal  prim.^ry  sulpliiile  minerals  are 
gnlonn,  pyrito,  sphalerite,  and  chalcopjTitc. 
Adjacent  to  the  fissures  these  have  been  largely 
altered  to  secondarj'^  minerals,  principally 
carbonates  and  oxides  and  minor  amounts 
of  other  minerals,  including  the  load-iron 
sidphato  plumbojarosite.  Near  the  fissures 
oxidation  has  usually  been  rather  complete, 
but  farther  from  the  fissures,  awn}'  from  the 
main  channels  of  circulation,  sulphides  are 
more  plentiful  and  some  nonrl}’’  pure  sulphide 
ore  has  been  mined. 

The  mo.st  important  out[)ut  has  been  lead 
and  sUver,  but  the  mine  has  also  ]>m(luced 
considerable  copper  and  some  zinc.  The  ores 
have  beoii  ordy  nioderately  rich,  but  those  thus 
far  extracted  have  bocii  of  a  shipping  grade. 
The  rnhio  has  been  opened  by  three  funnels  at 
successively  tower  depths,  and  in  1912  an  in¬ 
cline  had  been  sunk  to  a  depth  of  550  feet  on 
the  dip  below  the  lower  tunnel.  The  ore  is 
tran.sported  to  tho  railroad  in  Ophir  Canyon  by 
an  aerial  tram.  Previous  to  1912  it  was 
freighted  by  traction  engine  from  the  base  of 
the  tram  to  St.  Johns. 

Ophir  mu  mine. — The  Opliir  Hill  mine  of 
the  Ophii-  Hill  Consolidated  Hiuing  Co.  is  on 
the  north  side  of  Ophir  Canyon,  about  half 
a  mile  northwest  of  Ophir.  Tho  ore  bodies 
occur  in  the  Cambrian  slrole-liraestone  series 
(Oplui’  formation)  overlying  the  Cambrian 
quartzite.  In  the  mining  developments  five 
stratii  of  limestone  have  been  rec^ignized, 
though  they  are  not  entirely  disliuct  at  all 
points.  Tho  shale,  esjiecially  in  the  lower  part 
of  the  series,  has  been  metamoi-phosed  to  a 
distinctly  schistose  rock.  The  Ibnesteno  beds  ! 
have  suffered  comparatively  little  alteration 
except  that  cjiused  by  (he  ore  solutions.  Sev¬ 
eral  of  the  beds  are  composed  of  light  ami  dark 
gray  layers  which  give  the  rock  a  characteristic  I 
banded  structure.  Overlying  tho  limestono 
.shtUe  series  are  heayj'-bedded  blue  limestones, 
in  which  little  ore  has  been  developed. 

The  developed  area  is  just  north  of  the  0{)hir 
Canyon  fault  and  near  the  crest  of  the  dome. 
The  beds  strike  generally  east  and  dip  about  25° 
a  little  east  of  north.  Several  minor  faults  that 
appear  in  the  mine  strike  genendly  cast.  In 
most  of  them  the  do\vnthi’Ow  is  to  the  north. 


but  ill  tho  most  northerly  it  i.s  to  the  south. 
Ho.st  of  the  throws  are  only  a  few  feet,  though 
that  of  the  ‘‘Big’'  fault  is  about  40  feet. 

A  series  of  fissures  striking  »\  little  east  of 
north  cut  the  sedimentary  rocks  nearly  at 
right  angles  to  the  bedding  nnd  about  parallel 
to  the  anticline  and  dip  steeply  west.  They 
show  no  extensive  movement,  and  as  they 
cro.ss  the  cast-west  faults  with  little  or  no  dis¬ 
placement,  they  appear  to  be  the  youngest 
structural  features.  Foui-  systems  of  replace¬ 
ment  deposits — the  Wild  Delirium,  Mind's  D(«- 
light,  West  slope,  and  Clark  slope — have  been 
developed  adjacent  to  these  fissures  in  each 
of  five  liniestono  beds  or  “veins,” 

Tho  tbickiicss  of  the  ore  beds  changes  some¬ 
what  from  plac«  to  ]dace  but  is  approximately 
ns  follows:  Top  vein,  5  feet;  Big  vein,  20  feet; 
Middle  vein,  10  feet  ;  Copper  vein,  S  feet;  BUie 
vein,  6  feet.  These  “veins”  are  not  every¬ 
where  entirely  distinct,  and  at  some  y>o‘mts  the 
Top  and  Big  veins  and  the  Blue  and  Copper 
vein-s  are  mined  together.  The  maximum  dis¬ 
tance  from  the  fissures  to  whicli  the  limestone 
has  been  replaced  b}'  ore  minerals  i.s  40  feel, 
and  possibly  more.  The  most  extensive  de¬ 
posits  are  associated  with  the  east-west  faults, 
the  limestone  adjacent  to  -which  appears  to 
have  been  crushed  and  thus  rendered  more  per¬ 
meable  and  susceptible  to  replacement.  The 
primary  ore  minerals  are  pyi'ito  aud  galena, 
some  sphalerite  and  chalcopyiitc,  a  little  tetr.'i- 
hedrite  and  bornite,  and  probably  other  me¬ 
tallic  minerals  in  small  amounts.  The  more, 
important  gangue  minerals  arc  epidote,  quartz, 
orthoclose,  sericite,  nnd  residual  calcitc. 

The  north-south  fissures  carry  no  deposits  of 
value.  At  tire  ore  horizons  they  commonly  con¬ 
tain  ore  from  the  thiclvness  of  a  knife  blade  to 
2  or  3  inches,  but  except  for  tliis  they  ai’e  said 
to  be  nearly  or  quite  barren.  Even  this  ore 
apjrears  to  bo  distinct  from  the  bed  ore,  for  it  is 
separated  from  the  bods  by  dist'met  walls,  and 
it  carries  a  much  higher  percent. ago  of  copper 
and  zinc.  Tliis  condition  sugge.sts  that  the 
fis-surcs  were  reopened  and  filled  after  the  dep¬ 
osition  of  the  bedded  ore. 

Oxidation  in  this  deposit  has  been  relatively 
slight.  Tho  ore  rained  in  recent  years  is  a 
concentrating  ore  of  rather  low  gnide,  averag¬ 
ing  around  8  per  cent  lead  aiid  about  nu  ounce 
of  silver  per  unit  of  lead.  Tho  ore  yield® 
considerable  copper  and  some  gold  OJid  zinc. 


oQr:nRH  range. 
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fne  mine  was  fi-fst  worked  throiij'h  inclines  i 
on  tkc  dip-  main  incline  follows  tlio  ore  ' 

to  a  depth  of  about  1.800  feet.  A  drain  and 
working  tunnel,  tlixough  which  tlie  ore  is  tnins- 1 
rtcd\y  electric  trains,  has  been  driven  to 
the  ore  body  from  a  point  just  above  the  mill. 
A  large  touaage  of  concentrating  ore  Is  devel¬ 
oped  in  the  mine  and  can  bo  cheaply  extracted,  j 
owing  to  the  largo  size  of  the  ore  bodies  and 
the  small  amount  of  timber  required.  In  1912 
the  capacity  of  the  150-ton  mill  was  about 
doubled. 

i.toN  nu.1.. 

Poc  LIou  Hill  area  is  south  of  Ophir  Canyon, 
the  principal  producing  uma  being  near  the 
summit  of  the  lull.  (See  PI.  XXXVIII,  A.) 
Owing  to  tho  high  grade  of  the  ores,  the 
relatively  .simple  recovery  of  the  metals,  and 
the  ease  of  development,  the  deposits  being 
near  the  surface  and  in  a  position  favorable  to 
development  by  timncls,  this  section  of  the 
district  was  early  developed  and  for  several 
years  in  the  seventies  was  an  important  pro¬ 
ducer.  With  the  exhaustion  of  tho  richer  and 
more  accessible  deposits  activity  greatly  de¬ 
clined  and  for  many  years  operations  were 
conducted  principally  by  lessees.  Recently 
several  of  tiro  old  properties  linve  been  com¬ 
bined  as  the  Lion  Hill  Coiisolidateid  Co.,  and 
more  systematic  development  of  its  territory 
hrs  been  uudertakon. 

The  sedimentary  I’ocks  of  Lion  Hill  are 
mainly  limestones  wth  interbeddod  ealeareous 
sliales.  The  lower  part  of  the  scries,  Uke  that 
north  of  the  canyon,  is  probably  of  Cambrian 
ttge,  aud  for  several  hundred  feet  below  tho 
crest  the  rocks  are  of  lower  (Wboniferous  age. 

Tho  igneous  rocks  consist  of  porphyry  dikes 
and  sheets.  Tire  most  important  body  out¬ 
crops  at  numerous  points  around  the  liill  near 
the  summit  and  appears  to  be  a  sheet,  though 
it  has  not  been  showm  to  be  continuous.  It 
has  been  correlated  by  Emmons  and  Spurr  ' 
with  the  Eagle  Hill  porphyry  of  the  Mercur 
district,  but  in  several  places  it  is  coarser 
grained,  more  povphyritic,  and  more  basic  in 
appearance,  and  I'esemblos  moiu  clo.seIy  the 
"Birdseye”  porphyry.  ITie  other  porphyry  is 
on  Porphyry  Hill  and  Porphyi-y  Knob  and  is 
the  “Birdseye"  porph}uy  of  Emmons  and 
^Pnrr  in  the  Mercur  district. 


The  northw'est-southoast  nnticliiro  is  beauti- 
firlly  exposed  in  Ophir  Canyon.  Tho  dome 
structure  in  this  anticline  centering  at  Ophir 
Canyon  has  given  the  rocks  a  slight  southward 
dip.  Tire  rocks  here,  us  well  as  north  of  the 
canyon,  have  been  broken  by  two  scries  of 
fissures  and  faults,  an  east-west  series  generally 
parallel  to  Opliir  Canyon  and  a  north-soirtlr 
series  iiboirt  parallel  with  tho  trvnd  of  the 
anticline.  The  or-e  deposits  are  elose.l}'  associa¬ 
ted  with  the  north-soirrh  fissiu’cs  and  are  cora- 
ntonl}'  foimd  a  short  distance  below  tho  por¬ 
phyry  sheet.  Ov^er  a  considerable  part  of  tho 
mineraUzed  area  this  porph}Ty  Is  trot  present, 
but  in  many  places  the  rclaiioirs  strongly  aug- 
gest  that  it  was  orree  present  and  was  i-emoved 
by  erosiort. 

Undotiying  tho  porpiryry  sheet  arrd  adjacent 
to  the  north-soutli  fissures  the  limestone  has 
been  characteristically  altered  to  a  cherty, 
porous  mass  composed  priircipally  of  silica 
with  considerable  sericite  and  small  gi'uiirs  of 
residual  calcito.  Tliis  nratcrial  is  lo<-ally  known 
us  the  “zone”  rock  and  is  a.'ssooiated  with 
much  of  the  or'o. 

The  or-es  thus  fur  developed  are  within  a 
vertical  distance  of  a  few  htrndred  feet.  WoU- 
tlefined  fissures  cxteird  l>elow  the  ore  zone  but 
are  commonly  open  or  are  filled  with  calcite 
.arrd  contain  no  ore.  Tire  orvs  ar«'.  almost  en¬ 
tirely  oxidized,  the  rich  deposits  containing 
I  liorn  silver  and  lead  carbonate.  Some  or-e  col¬ 
lected  by  the  writer  contained  in  coirsiderublo 
abundance  a  yellow  lead  nuneral,  consisting 
of  sulphur,  lead,  arsenic,  iron,  and  in  some 
spocimerrs  copier.  Material  of  sulTicient  pur¬ 
ity  for  careful  quantitative  study  was  not  ob¬ 
tained.  In  some  of  the  rich  silver  ore  a  possi¬ 
bly  similar  light-yellow  sulphate  fills  small 
cavities.  Plumbojarosito  is  rather  abundant, 
and  some  of  this  ore  is  said  to  be  rich  in 
silver.  In  parts  of  the  area,  apparently 
especially  in  the  norrirenstem,  manganese  ox¬ 
ides  mixed  %vith  the  iron  oxides  mo  rnthev 
abundant.  The  ore  is  clraracteristreally  a 
i  silver  ore,  though  it  contains  considerable 
lead  and  gold  arrd  in  places  a  little  copper, 
zinc,  antimony,  arrd  arsenic.  Tho  tj-pietd 
tMinguc  minerid  is  the  silicified  liirrestone,  brrt 
baxhe  also  occurs,  arrd  calcito  is  comntorr. 
Locally,  sericite,  commonly  called  “Ude,”  is 
present  in  considerable  amounts.  In  .sonre 
places  tiro  ore  is  surTOund('d  by  a  gray,  friable 


‘  Op.  clt.,  pp.  377-379. 
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raa.s3  composed  largely  of  small  r[uartz  crystals, 
many  of  which  are  nearly  euliedfal  in  form  and 
contain  many  small  dark  inclusions. 

The  ores  of  tho  area  range  in  metal  content 
from  milL’ug  ores  carrying  a  fo,\v  dollars  a  ton  to 
liigh-grado  ores  carrying  iiundreds  of  ounces. 
Considerable  low-grade  ore  lies  on  tho  dumps 
and  is  contained  in  the  mines,  and  some  favor¬ 
able  ground  in  the  di.strict  has  never  been  sys- 
tematicidly  prospected,  ilany  of  the  old 
workings  aro  not  now  accessible.  Some  of 
them  have  be.c.n  described  as  follows:' 

Tho  2k!!la  group  *  *•  *  ia  on  the  western  ado  and 
near  the  summit  of  I.ioa  Hill.  •  •  ’  Three  large 
Ixidica  [of  oro]  and  aeveral  smaller  ones  woro  found  about 
20  foot  below  the  siirfare.  Tho  oro  is  a  soft,  yellow, 
siliceous  chloride  a&'^aj'ing  several  hundred  dolkrs  per 
Ion.  *  *■  '•  It  w.m  imjsiatihle  to  asi-crtaiu,  except 
approximately,  the  total  produit  of  this  group,  but  it 
waa  Intimated  at  $760,000.  * 

Tho  oro  [of  the  Monarch  group]  is  fonud  in  n  stratum  of 
tpiartzite,  dip|)ing  slightly  nortbeast.  There  is  limestone 
below  and  porphyry,  in  some  pl.aces  at  least,  alwvo  tliis 
atrutnm.  <*  »  *  There  aro  two  or  three  large  bodies 
■s  »  *  and  several  smaller  ones.  Tho  oro  is  a  porous 
(pisirtz  containing  cavities  idled  with  the  “chloride''  of 
the  miners  and  Mime  carbonate  of  lend.  In  the  center  of 
tbd  body  it  is  quite  soft  and  (ins  but  upon  the  eflges  very 
liarrt  und  coarse.  •  <  •  The  tetal  product  tp  tho  close 
of  tho  census  year  ws«  $117, 5(X). 

Tho  Deiuglsa  niino  •  •  *  is  near  tho  Monarch 
group,  which  it  greatly  rc^emblra  in  ganguo  and  ore. 

•  •  •  Two  bodies  [of  oro)  li.’.vo  l>cen  fouud  of  about 
tlis  mrait  site  60  fort  spurt. 
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CAMP  FLOYD  OR  MERCUR  DISTRICT. 

HISTORY  AND  PROUUCTITO.N. 

Uy  V'.  C.  Hkikks. 

The  Camp  Floyd  district  is  about  55  mile.s 
south  of  Salt  Ltiko  City,  in  Tooclo  County,  ad¬ 
joining  tbo  Opliir  mining  district.  It  contains  | 
tliree  distinct  camps— Mercur,  tho  most  impoi^  ! 
timt,  in  Lewiston  Canyon  (see  PI.  XXXIX);  I 
Sunshine,  about  4  miles  south  of  Mcrcur  in  Sun¬ 


shine  Canyon;  and  West  Dip  (on  tho  west  dip 
of  the  anticline),  about  2  miles  west  of  liforcur 
near  the  western  part  of  the  range.  Tho  Salt 
Lake  ic  ^fcrcur  Jlailroad,  wiiicli  was  dismantled 
in  1014,  connected  with  the  Los  Angeles 
&  Salt  Lake  Railroad  at  Fairfield  Junction 
and  furnished  transportation  for  the  district. 
'Die  district  wius  fn-st  organized  at  tlic  begin¬ 
ning  of  a  silver  e.\ritement  on  April  16,  1870, 
and  later  was  practically  abandoned  until  the 
discovery  of  gold  ore,  which  was  successfuJly 
treated  by  cyauidution  in  1891.  On  June  ‘24, 
1894,  it  was  reorganized. 

The  early  history  of  the  district  is  reviewed 
by  Huntley,’  who  says: 

The  Camp  Floyd  diatrict  ia  south  of  tbo  Ophir  district 
and  is  ou  the  same  range.  It  is  an  irrt'gular  ructangle, 
from  7  to  9  miles  on  a  side,  the  miixs  theniS'.'Ivcs,  how- 
ovor,  being  included  widiin  an  ;irea  of  .a  square  mile. 
•  *  *  The  Carrie  Stee;Io  mine  -•  »  *  ,viw  di^ 
covered  in  1873  by  Leandro  Steele;  was  worked  from  18T6 
to  July,  1879,  when  it  was  sold  to  the  Carrie  Steele  Mining 
Co.,  of  Eew  York.  *  •  •  One  largo  Ircxly  of  anti- 
mouial  ore  20  feet  thick  und  fiO  by  70  feet  in  extremo 
width  and  length  was  found  at  tho  Hurfaco.  The  richest 
ore  averagetl  $700  and  occnrre<l  in  a  seam  from  S  to  10 
inches  wide  next  to  tho  roof.  *  *  *  The  mill  • 
was  built  by  on  F.ngtish  company  in  1S72-73  to  work  tho 
ores  of  tbo  Spnrrowbnwk  mine.  “  •  *  It  wius  pui- 

chiued  by  tbe  Carrie  Steele  ^fining  Co.  in  1879,  .".nd  ran 
from  May  10  to  August  15,  1880.  •  *  * 

The  other  mines  of  the  C'auip  Floyd  district  are; 


.lffrK'.s  oj  Camp  Floyd. 


Mines. 

Totel 

lon^h 

open* 

ingw. 

Total 

prod- 

net. 

Remarks. 

Sparrow  Hawk  ...' 

Star  of  tho  \Vest., 
Silver  Circle . 

Silver  Cluud . 

FmI. 

6,000 

.500 

1,000 

800 

$300,000 

None. 

Siiuill. 

Ore  similar  to  that  of 
the  (Mrrio  Steelo. 
No  ore  shipped. 

In  1873  many  thou- 
.aund  dollars  spent 
jfi  proapecHng. 
Formerly  sliippw  a 
few  hundrea  tons 
of  $30  ore. 
r.ittlo  done  since 

Mormon  Chief. . . . 

1,000 

550 

Elkhom . 

60,000 

1875. 

The  production  of  the  district  from  JS71  to 
1881  is  estimated  bj’  Spurr  *  at  46,01)0  ounces  of 
silver;  the  ores  then  worked  contained  no  load, 


*  Idem,  pp.  154-155. 

•  Spurr,  J.  t;.,  Ecniioinie  iwjluay  of  tho  Mwcur  inlnlna  dlsirlcl:  U.  S. 
Ocol.  Survey  Slxlwnth  Ann.  Hopt.  ISM-M,  pt.  3,  p.  3M,  IS«- 


'  TiHilh  Ceiuux  C.  8..  vol.  13,  p.  451,  1x35. 
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copper,  nor  gold.  Tlic  gold  production  of 
Cttinp  Floyd  district.,  which  ber  ntnr  imporlunt 
in  1S92,  amounted  in  that,  and  the  succeeding 
year  to  nhouL  10.000  ounces. 

Gcnuuell '  g^'cs  the  following  history  of  the 
district  up  to  IS97: 

When  the  dWrict  wna  onfpiiizetl  on  .\pril  lu,  1870,  if 
naturally  called  Iho  Camp  Floyd  niininK district,  The 
first  location  in  the  district  wa^  a  placer  claim,  locate.-l  by 
L.  Greeley  on  .Vpril  20, 1870.  .  Oilier  .arid  similar  locations 
tollcircd,  hut  placer  trisjinps  could  not  passibly  be  mado 
to  pay,  ior  two  s  cry  good  reasons — lack  of  gold  that  couW 
be  panned  and  lack  o(  water.  The  Sparrow  Tlaw  k,  lawt 
Chance,  and  Marion  claim*  were  among  the  first,  lorle 
cUiaisIccaled.  Some  very  rich  sib'cr  ore  was  discovered 
an  ibe-Ti  (some  of  it  going  $4,000  or  $5,000  to  the  Ion)  and 
they  were  soon  sold  to  an  English  syndicate.  The  ora 
proved  to  he  very  "pockety,”  and  after  building  p,  mill, 
ipeiding  about  $700,000  and  clearing  only  about  $100,000, 
the  company  suspended  operations. 

8ooa  alter  tho  Sparrow  Hawk  d  wcovery  a  rich  strike  was 
audo  ill  the  Carrie  Steele.  It  ia  said  that  from  thin  pocket 
*few  men  took  out  about  $83,000  in  throe  months.  Othor 
strikoilollowed,  and  ill  1872  and  1873  the  hills  were  swarm¬ 
ing  with  proHpoctoru.  The  town  of  I-owiston  wn.s  built  on 
tfcepnfscMitsite  of  Mercurand  wsussoon  a  full-fledged  min¬ 
ing  csr.ip.  *  •  *  But  no  steady  producing  milieu  were 
liTund;  tliH  iwcitemout  began  to  die  away,  and  Lewiston, 
which  had  grown  to  a  towuiof  some  1,.>00  peoplcby  1880,  had 
Jr.-indlcd  down  to  one  hou.se  and  to  one  inhabitant,  Mosew 
Manning,  who  remained  Ui  work  out  his  own  and  others' 
ksw^ameaU.  It  ia  i«t.ijiinted  that  during  this  excitement 
only  about  $3.30,000  were  token  out  and  that  many  times 
tail  ainount  wa*  expeodesl.  Machinery,  suppli&i,  and 
labor  were  all  so  high  that  it  required  $ii0  ore  to  pay. 

On  April  90,  1879,  a  German  named  Arie  Pinedo  located 
Ibc  Menur  lode,  heUevring  he  had  dwoovered  a  valuable 
mm  ol  euinabor  and  naming  the  claim  niter  the  Genriim 
word  (or  Mercury — .Merciir.  Some  cinnabar  was  found, 
but  not  in  paying  quaiititio.s,  and  Pinedo  .soon  aUandoned 
Ihcdaini  and  left  the  country,  Other  prospectors  drifted 
®,  aad  about  1883  the  gold  ledge  was  discovered.  The 
•soiy  returns  showed  the  yellow  metol  to  bo  present  in 
P^yogqiiajitities,  but  after  numerous  attempts  at  panning 
with  ne\’er  a  color,  fho  prospectors  gave  it  up. 

In  March,  bSSO,  Capt.  Joseph  South  *  •  *  put  up  a 
on  the  Clarion  ground  for  the  purpose  of  working  the 
mviT  ore  and  tailing  dump.  »  •  ♦  After  spending 
w.ft.O  or  $10,000  with  no  substantial  result,  Capt.  Smith 
waa  forced  to  abandon  the  idea  of  m.aking  the  silver  ores 
Py.  Ho  remonibered  the  storie*  of  cinoahar  »nd  gold 
mg  found  in  the  Morcur  ore,  aampled  the  vein  in  the 
Jmaeref  1880,  »nd  got  good  returns  in  gold.  All  thought 
miaing  fnr  •liver  or  cinnabar  vanishetl,  and  during  tho 
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inn  ter  of  1880.()0  some  work  was  done  on  the  Mertmr  lode. 
A  5-100  lot  of  the  oro  was  Iwoupht  across  the  canyon  to  the 
ilanon  niill  and  treated  with  apparent  imc<-i^, 

Messrs.  G,  .'4,  Peyton  and  H.  W.  Brown aiCMjciated  ibeni- 
•cIvM  with  Capt.  Smith  in  Mateh,  1890,  and  tiieorporaKal 

the  Moreur  Gold  Mining  A  Milling  Co.  »  *  *  qVetuy- 

five  thnii.'-and  dollars  were  spent  under  tho  direciion  of 
Capt.  Saiith  in  building  n  null  ntur  *  spring  at  what  ia 
now  called  Manning,  about  halfway  liotweiMi  .Mcreur  and 
FairGeld  slaliun.  This  \v:is  an  iimalgamaling  inill,  like 
.he  Olio  previously  built  on  the  Mariiiu  ground.  •  s  » 
Pi'e  (housand  dnlbrs  were  spent  in  developing  the  mine 
and  fixing  up  the  wagon  road  from  tho  mine  to  the  mill. 
Tlie  attempt  to  treat  the  oro  by  amalgamation  proved  a 
failure,  however,  and  once  agabi  the  hopes  of  gelling  any 
money  out  of  tho  ores  of  Camp  Floyd  district  were  biusUsI. 
About  1,.300  tons  were  pul  through  the  mill  that  by  eareful 
sampling  bad  averaged  about  $18  per  ton.  Assays  of  the 
failings  showed  an  extraction  of  aliont  80  per  cent,  but 
tho  clean-up,  in.stead  of  amounting  to  about  $21,000, 
proved  to  be  less  than  $.3,000.  Cj’nnide  of  p.it.iss((iin  liad 
boeii  used  for  cleaning  the  quicksilver,  and  siiliaec|ijeut 
experiments  proved  (hat  the  gold  had  been  disaolvod  and 
carried  off  by  the  cjainido. 

About  this  time  the  sucecssbil  treatment  of  gold  orca 
by  the  cyanide  process  became  generally  known,  and 
*  *  *  a  ctrioad  of  ore  was  shi[iped  to  Denver  (or  a 
practical  test.  An  extraction  of  about  80  per  cent  was 
obtained  by  this  test,  and  in  the  riininier  of  1,S!)0  the  mill 
at  kfanning  was  remodeled  .and  turned  into  a  cyanide 
pljuit,  by  which  the  ore  was  successfully  treated.  Capt. 
Smith,  baling  aeverfd  his  counoction  aith  tho  .Mercur 
mine,  tunied  hw  atteiiliun  to  the  development  of  tho  gold 
ledge  in  the  Marion  group  of  claims.  Ho  renindcb'd  and 
added  to  the  amalgamating  mill  preaiously  built,  and  by 
June,  1.893,  started  up  the  second  cyanide  plant  Ln  Morcur. 

'ITio  successful  treatment  of  the  gold  ores 
being  iissuted,  prospectors  again  swarmed  in. 
i\jthur  ^^urphy  and  C.  L.  Preble  located  two 
claims  on  tho  old  site  of  Lewiston,  sl  aked  thorn 
out  into  town  lots,  and  saw  a  uetv  town  (Mortuir) 
grow  to  be  about  tho  sumo  size  ns  Ijcvydstown 
in  its  pultny  days — about  l,.5n0  inhubiLiuts. 
By  1.S97  Mcrcur  had  become  a  irgularly  otgan- 
ized  municipality,  with  a  water  system  and 
fire  department.  In  1900  the  population 
reuclicd  2,351,  but  dwindled  in  the  ne.vt  decade 
to  1,017  inhabitants,  and  in  1913  was  almost 
entirely  abandoned  on  the  closing  of  operations 
by  tho  Consolidated  Mcrcur  Mines  Co. 

The  following  table  shows  tho  nietul  output 
from  the  Camp  Floyd  district  from  tho  begin¬ 
ning  of  oporatious  to  tho  close  of  1913: 


'  ’■'"’""■'ll.  R.  C.,  En*.  sDtl  Min.  Jour.,  Apr.  «, 
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ifeUih  proJured  in  Can,p  Flotid  dunri-  l,  hi/  /x  nodt.o 


Period. 

Ore 

(short 

tons). 

Gold. 

Silver. 

Total 

KTOss  value 
reccverwl. 

Fine 

OUQCeSL 

Value. 

Fine 

ounces. 

Value. 

46, 000 

2,  760 

$55,  B36 

1, 57i> 

$55, 98fi 
e7, 912,973 
‘'11.124,115 

iRmv-inno  . 

1,929,993 

3.653,990 

882, 790. 00 
5.38, 052,  87 

$7, 912, 973 
11,  122,53!) 

i()0!-lf)l7 . 

5, 583. 983 

920,842.87 

19,a35,512  1  48,760 

57.512 

19,093,024 

J!TO  to  rJ07,  .13M  (IiwVi  nl  qiilctailwr  wero  nrtxlHcetl  fro™  tho  Sacrawnto  mine. 

. I.  K., licuiinirio  Krnlmy.  (J  th«  Mcrciir  mmini; disirict,  Utah.  P.  8.  Pool.  Siirmj  81.xl«<nth 


1  /  rctn 
t  Spun. 

« .tvcni*or»eovrry,  M.IUpiTlon. 
^  Avtnigo  ncovwi,  I3.0I  per  Ion. 


Ann.  Ropt.,  pt,  2,  p.  3;-lj  IS-’O. 


From  1890  to  the  close  of  1917  there  were 
produeticl  in  the  Cnrap  rio3'd  district  bj'  the 
MerciU’,  Dclamar,  Geyser-Marioii,  Sacramento, 
Sunshine,  Overland,  Dai.sy,  and  La  Cigalc 
properties  5,58.3,513  tons  of  ore  valued  at 
819,034,984.  .iVU  had  mills,  and  all  except 
the  La  Cigale  were  successful  in  c.xtmclijig  fair 
vnlucs  from  the  ores.  The  first  five  properties 
paid  .83,881,323  in  dividends  to  stockholders — 
the  total  amount  pairl  during  the  greatest 
nctivit}^  in  tho  district,  Tlio  old  Mercur  Gold 
Mining&MillingCo,  paid  dividends  of  §1 ,481 ,000 
and  the  Dclamar  Merciu'  Minos  Co.  dividends 
of  $689,812.99  to  August  1,  1900.'  These  two 
companies  -  had  rained  up  to  that  time  1,045,- 
136  tons  of  ore  at  a  profit  of  $2,181,401,  or 
about  S2.09  per  ton.  From  August  1,  1900,  to 
1913,  inclusive,  the  ConsoUdated  Mercur  Mines 
Co.  produced  gold  in  precipitates  and  buUion 
valued  at  810,549,377,  recovered  from  3,291,- 
485  tons  of  oro  (iiicludiug  some  taUings),  or 
an  average  ruenvery  valuo  of  $3.20  per  ton  of 
material  treatcAl  at  a  total  cost •’  of  82.82  per  ton. 
Dividends  paid  aggregated  $1,374,500  to  July 
31,  1913.  The  Mercur  &  Brickyard-Golden 
Gate  (Delamar)  property  yielded  4,336,621 
toils  of  oro,  from  wliieh  $16,419,541  was  re¬ 
covered,  an  average  of  |3.7S  i>er  ton.  Divi¬ 
dends  paid  during  the  life  of  tho  combined 
properties  amnmitcd  to  $3,445,312. 

After  the  first  test  was  made  on  Marion  and 
Mercur  gold  oro  by  amalgamation  at  the  Marion 
miU  in  Lewiston  Canyon,  tho  mill  erected  at 
Mannuig  iu  Fan-field  Canj'on  for  the  treatment 
of  the  ore  in  1890  was  similarly  equipped,  using 
pan  amalgamation. 

•  Cciisnlldaliy]  Morciir  ObM  JIIum  Co.^  »miiu.l  for  tho  yoor  cad- 

tag  Jutio  30,  IfiOI. 

>  Idoni,  p.  IS. 

•  IIoMifd,  U  O.,  Iknil  I).,  Cyoiudallan  in  tho  Mircur  district 

of  Ulih:  PampliU-t  puhllshod  by  Salt  Lnko  .Min.  Rov.,  p.  M,  1013. 

t  Lotlor  from  (!.  S.  Peyton  to  V.  C.  Bolkw,  dalvd  N’owmber  33, 19U. 
Mr.  I’oyloQ  tms  tlicn  living  at  Rnoherliy,  Cal, 


In  a  personal  communication  ^  G.  S-  Peyton, 
discoverer  of  tho  process  that  made  Mercur 
famous,  gives  the  early  history  of  the  Mercur 
mill  a.s  follows: 

Tho  Mercur  mill  wue  built  under  the  advice  and  super- 
visiou  oi  Jcsepli  .$mith,  superintendent,  at  Munnini;  in  the 
years  1890-91  by  the  Mercur  Gold  Mining  Co. ,  organized 
in  Maj',  1890.  *  *■  *  The  amount  of  gold  first  saved 
by  this  process  of  nmalgonuition  was  $8,000,  representii^ 
about  15  per  cent  of  the  value  oi  the  ore.  In  July,  1891, 
a  car  of  the  $17  ore  was  shipped  U>  Denver  lor  trial  by  the 
cyanide  process,  wtiich  successfully  extracted  9-2  per  tent 
of  the  values.  Tho  amalgamation  equipment  aud  con¬ 
centrators  wero  then  discarded,  and  tho  cyanide  plant 
completed  and  started  iu  February,  JSQ2,  on  ore  averaging 
112  per  ton  in,  gold,  of  which  80  per  cent  was  saved. 

-‘\s  experience  ivn.s  gained  i.u  the  handling  of 
the  ores  by  the  new  cyanide,  process  the  raill 
was  cnlarge.d.  *  *  In  1896  the  mill  was 

treating  22.5  tons  of  ore  doily,  or  nJtogethcr 
63,480  tons  for  the  year,  averaging  in  value 
about  $12  per  ton  in  gold,  of  which  about  SO 
per  cent  was  saved.  The  average  cost  of  min¬ 
ing  and  milling  was  about  $2.80  per  ton.  The 
total  amount  paid  in  dividends  up  to  January 
1,  1897,  was  8600,000. 

During  1897  iind  1898  the  Golden  Gate  mill 
was  built  at  Mercur,  aud  iu  1900  the  Delamarc 
Mercur  Mines  Co.  and  the  Mcrcm-  Gold  Mining 
&  Milling  Co.  were  combined  and  thereafter 
called  the  Consolidated  Mercur  Mines  Co.  All 
of  the  ore  from  tho  Mercur  and  Delamar  mines 
was  afterward  treated  in  tho  Golden  Gate  mill, 
the  Manning  mill  being  used  intermittently  by 
tho  company  and  lessees  for  the  rc-trea  tment  of 
tailings.  The  original  capacity  of  the  Golden 
Gate  mdl  was  500  tons  but  by  1900  it  was  in¬ 
creased  to  1,000  lotus  of  ore  doily.* 

A  summary  of  the  production  and  costs  of 
operations  is  given  in  the  followng  table; 

‘  For  a  hill  dvsvrtpIliHi  ot  tho  crlfbnsl  plant  on  tlio  Dofamo-' 

See  Dirwtof  nf  Mini  Rppt,  upon  production  of  precious  fjr  * 

PP.  15l-ts7p  1030. 


So - CT— .OIKS 


Summary  «•  of  ctOLMMi/itii  artm  and  taiKnya  treated  at  Ou  Conaalidaud  yfercur  .ViTt«a  Co. '9  millt  lUOi  to  /9/.?  (/rom  comjKaty  rt'jtorlt). 

Production. 


^  Year 
M  eadiiif; 
”  June 

1  30 — 

[ 

lion. 

Olbcr 

inconio. 

Tons  base 
ore. 

Tons 

oxidized 

oro. 

Total  tons. 

Average 

daily 

tonniige. 

Re- 

oovery. 

Tailings 

loss. 

Value 
per  ton. 

Mining 

cost. 

Milling 

cost. 

Total 

cost. 

Profit 

l>crton. 

Dividends. 

Per 

cent 

extrac¬ 

tion. 

Amount. 

Per 
cent  of 
gross. 

1901  b.. 

$1.  -193,  903.  so 

288,  295 

875 

85. 19 

50  95 

36  14 

83  13 

«;'>  01 

^^^•5  oOrt 

I  ")  73 

>5 

1902... 

1,457, 001. 47 

§1,  712.  50 

321;  626 

895 

4.63 

1.19 

5. 72 

81.41 

.82. 09 

3!  50 

1.03 

’4C.5.'000 

3L91 

79.2 

1903... 

1,321,009. 03 

9,  277.  60 

335, 163 

931 

3.84 

1.21 

5. 05 

1.30 

1.58 

2.38 

.96 

330,000 

21.93 

76  0 

1904... 

6-kS,  516.  -JS 

8, 432.  63 

226,  701 

030 

2.  36 

1,03 

3.  89 

1.40 

1.60 

3.  no 

.04 

73.5 

1905... 

712,  291. 76 

12,  385. 15 

79,  703 

165,  323 

2 15.  026 

671 

2.97 

.98 

3.  95 

1..51 

1.12 

2.03 

.34 

. . 

25. 000 

3.  37 

75.3 

190G... 

870,  887. 14 

9, 494.  77 

126,  5:18 

176,  208 

302,306 

830 

2.80 

.956 

.3.  76 

1.41 

l.OV 

2.43 

.32 

100, 000 

11.48 

715 

1907... 

012, 8-13. 90 

14, 445. 10 

110,069 

135,  JOO 

245, 109 

672 

2. 02 

.98 

3.00 

1.45 

I.IS 

2.63 

.01 

50,000 

7.78 

72.8 

1903... 

644,  303.91 

15. 587.  20 

87, 492 

138,  737 

226,  229 

025 

2.85 

.92 

3.  77 

1.05 

1.26 

2.  91 

.00 

75.0 

1909... 

761,235.00 

13, 182. 10 

107,  007 

175, 262 

282,269 

773 

2.  70 

.68 

3.68 

1.53 

1.09 

2.  62 

.08 

70.4 

1910... 

613, 143.  92 

12,741. 12 

99.447 

i:i2, 190 

231. 631 

63.3 

2.05 

.94 

3.59 

1.43 

1  15 

2. 63 

.02 

73.8 

1911... 

650,  095. 70 

7, 933.  49 

78,  .397 

131,622 

c2.»,  190 

659 

2.32 

.88 

3.20 

1.29 

1.04 

2.33 

.01 

72.3 

1912... 

d49-1. 133.65 

3,  970  98 

67,  810 

1)9,776 

•201,602 

560 

2.45 

.82 

3.27 

1.32 

1.10 

2.42 

.03 

30.(8.10 

6.01 

74.9 

110,240, 175.02 

109,  162.  64 

3. 145, 757 

731 

3.26 

.99 

_ _ 

4. 255 

/1. 43 

/1. 33 

2.82 

.455 

1,235,000 

12.  .81 

70.7 

Material  traatad. 


1909 

1910 

1911 

1912 

1909 

1010 

1911 

1 

1 

,  1012 

1 

175, 262 

132,190 

131,  622 

JJ9,  776 

^  70.4 

75.  5 

Base  ore  treated  . . 

10?;  607 

99, 447 

78,  897 

67, 816 

Oxidized  classified... . 

. do. ... 

64.7 

60.9 

80. 0 

79.4 

Slime  plant; 

Base  classified . 

. do.... 

.0 

41.9 

90.2 

91.8 

Sand . 

. do _ 

:M,470 

82,  763 

128,031 

110, 020 

Total  ore  claamfied _ 

. do _ 

21.9 

52.  7 

8V.  6 

8.5.0 

. do.... 

34,  470 

51, 

74,600 

01, 851 

Ore  and 

. do. . . . 

77. 1 

79.0 

. dn _ 

3li  231 

531 431 

48,'  172 

. do _ 

15.  7 

21. 9 

2ft.  3 

27.  7 

Slime . 

. . . do _ 

27, 523 

39i  362 

uOi 482 

49;  377 

Base  filtered . 

. do.... 

.0 

10.5 

22.6 

23.8 

Oxidized 

. do.... 

27,  523 

28,  953 

38,  621 

33,  243 

Total  ore  filtered . 

. dn  . . . 

9.8 

17.0 

20.8 

26  .  3 

10, 409 

17,861 

10,  134 

Ore  and  toils  filtered. . 

23.6 

24.5 

. per  t’Cnt. . 

84.3 

78. 1 

VO,  7 

72.3 

In  ennd  tuils. . . 

renl.-i  per  ton. 

72 

.34 

84 

100.0 

8ft.  5 

77.4 

70.2 

Tn  AlimA  tniln . . 

. .  .do... 

51 

83 

ino 

Total  ore  leached  . 

90.2 

33.0 

73.2 

73.7 

- 

1 

i 

d  CriTTACIrd  nKitPW  fr<Jin  ci/mpcinv  rnfwrt, 
« locludaa  U.OOO  Uffyt  W  uuUa^. 

/  y>JC  n  ywn. 


a  OyoDiduunn  In  the  M«’rcur  Ubtridt,  iruih,  pamphJoi  publUhrd  by  Salt  Laku  Mul  Bcv.^  1913. 
^  For  11  inacjtha. 
e  lAclute  2S^l  Un5  of 


Co 

(X> 
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OKE  DliPosrrs  of  utait. 


Tho  charaotfr  of  tho  oxidized  anti  l)aso  ores 
of  the  Golden  Gate  claims  in  Gump  Floyd  dis¬ 
trict  aro  discussed  by  D.  C.  Jaclding/  who  says: 

Locally,  the  ores  are  classified  into  three  varieties,  ac¬ 
cording  to  their  mode  of  b'catment: 

First.,  “oxidized  ores,”  conedsting  of  a  mixture  in  which 
the  calcareous  and  siliceous  \’arieti('S  predominate  and  in 
which  the  proportion  of  clay  and  talc  is  insiithcient  to 
interfero  with  percolation. 

This  class  of  ore  contains  only  an  insignificant  cinantity 
of  compounds  of  base  elements,  shoviing  only  very  small 
fnkctiomil  percentages  of  mercury,  as  ciunaiiar  and  arsenic 
oxidized  coinpoiinda. 

Sc-cond,  “talcy  ores,”  vvliieh  are  almost  entirely  clay  and 
talc,  and  soft,  decomposed  porphyry.  These  ores,  like  i  he  | 
class  above,  are  almost  free  from  base  clemiTit  compounds 
but  impossible  of  percolation,  for  the  reason  that  on  con¬ 
tact  with  water  they  disiniegrato  and  settle  to  an  almost 
impervious  ma.'H. 

Third,  “base  ores,"  consisting  of  a  mixture  of  the  above 
classes,  with  the  culcan  ons  and  taleoso  varieties  predom¬ 
inating,  and  containing  largo  qua  iili  tics  of  bare-metal 
sulphides.  Arsenic  is  the  chief  of  these,  occuning  as 
realgar,  arpiment,  and  miapickel,  in  quantities  .somotiinca 
as  hith  iw  60  per  cent,  but  avengiug  not  to  exceed  2  per 
cent,  Ilealgar  is  by  far  the  mtet  plentiful  of  the  arsenic- 
bearing  minerals,  ftilly  three-fourths  of  the  arsenic  appear¬ 
ing  in  tliis  w'ay.  Antimony  is  present  as  atibiiite.  Oc¬ 
casional  small  quantities  of  galena  occur. 

Considerable  quantities  of  iron  pyrites  are  frequently 
encountered  in  minuto  crystals.  Mercury  is  invariably 
present  but  in  less  quantities  than  in  the  oxidized  ores. 
Various  hydrous  sulphates  of  iron  are  present,  aa  well  as 
oxidization  products  of  arsenic,  both  simple  and  in  com¬ 
bination  with  lime  and  magnesia.  Some  of  the  rarer 
elements,  meat  notably  tellurium,  are  also  present.,  in 
traces  only.  The  clays  of  this  class  of  ore  nve  invariably 
dark  gray  or  black  in  color,  due  to  a  conaidorable  quantity 
of  carbon,  frequently  as  much  aa  4  per  cent,  and  in  these 
tiro  sometimes  foimd  oiganic  Compounds  which  decompose 
potassium  cyanide  veiy  rapidly.  Silver  is  very  sparingly 
distributed  in  all  classes  of  ore,  rarely  exceeding  1  ounce 
of  silver  to  10  ounces  of  gold.  No  metallic  gold  is  visible 
in  any  of  the  ores  until  after  they  have  been  roasted,  when 
occasional  minute,  irregular  particles  may  be  disew'ered 
under  tho  roicroscopke.  All  the  clean,  base  minerals  are 
Uiv.ariably  poorer  iu  gold  than  the  gangue  with  which  they 
aro  associaterl.  The  clear  crystals  of  realgar  and  orpiment 
carry  none  at  all,  or  ouly  traces,  showing  that  the  increaeed 
values  of  the  base  ore  are  not  directly  due  to  these  hase- 
metal  miuenils.  The  gold  in  whatever  ore  found  dissolves 
very  rapidly  and  completely  in  solutions  of  potassium 
cyanide,  indicating  that  it  is  very  finely  divided  in  what¬ 
ever  condition  it  ocems,  and  these  various  facts  have  led 
me  to  the  conclusion  that  the  gold  in  these  ores  is  present 
in  a  fiucly  divided  amorphous  metallic  slate,  having  the 
black  or  brown  color  cluvracteristic  of  the  metal  w'hen  in 
this  condition,  and  consequently  being  unrecognizable 
under  (he  micrivicopc  in  its  naturally  ccciiriing  state. 

I  Pin  ilor  ol  Mint  R«pt.  on  production  of  precious  metals  for  l.sw,  pp. 

1900. 


Tho  Murion  wns  tho  fii-st  mill  to  bo  built  in 
thoMorem-  area.  It  was  part  of  tho  old  Spar¬ 
row  Hawk  works  erected  for  the  treatment  of 
silver  ores  in  1872-73,  operated  again  on  silver 
ores  in  ISSO,  and  again,  for  the  lust  time,  in 
March,  18S9,  when  it  troatocl  12  tons  of  ore 
daily  by  pan  amalgamation  with  poor  success. 
In  1893  it  was  changed  to  a  cyanido  plant,  the 
second  in  the  district,  and  was  equipped  for  a 
capacity  of  about  50  tons  of  ore  daily. 

In  1893  tho  Camp  Floyd  district  produced 
between  14,000  and  15,000  ounces  of  gold  from 
tho  Morcur  and  Marion  minos.  The  scarcitj’^  o: 
water  was  a  decided  obstacle  to  milling  in 
Lewiston  Canyon  until  a  pipe  line  was  run  from 
Ophir  district  in  1893.  Ore  from  the  Marion 
was  crushed  to  a  size  that  would  pass  tlirough 
a  |-incli  mesh  screen.  The  av^crago  cost  of 
mining  and  milling  was  said  to  bo  iihout  S2  per 
ton. 

The  nc.xt  summer  (1894)  the  Geyser  Co,, 
whose  claim  adjoins  the  Marion,  commenced 
work  on  a  cyanide  plant  with  a  cirpncity  of 
about  100  tons  of  ore  daily,  but  finished  it  too 
late  in  the  year  to  permit  much  production. 
The  ore  took  90  horn's  to  leach,  as  it  was  not 
put  through  screens  but  was  simply  crushed  in  a 
Gates  g;yTatory  crusher.  The  amount  of  cy¬ 
anide  consumed  was  about  three-eighths  of  a 
pound  per  ton  of  ore  treated,  and  the  cost  of 
mining  and  milling  was  said  to  bo  about  SI  .60 


per  ton. 

In  1897  the  Geyser-Marion  interests  were 
combined,  and  the  Marion  equipment  added 
to  the  Geyser  mill,  The  yield  in  gold  from 
this  property  Avos  reported  to  be  $120,000  in 
1899.  The  property  was  lost  operated  imder 
its  old  name  in  1900.  It  was  sold  at  sheriffs 
sale  shortly  after  and  worked  with  little  suc¬ 
cess  by  a  new  company  •until  put  into  the 
hands  of  a  lessee,  who  barely  succcedcnl  m 
maldng  the  property  pay  expenses.  The  divi¬ 
dend  record  shows  nearly  8100,000  was  paid  to 
stockholdei'S,  and  it  is  estimated  that  close  to 
3500,000  in  gold  was  recovered  between  1S93 


and  1913. 

A  fourth  cyanido  plant  was  built  on  the 
Sacramento  property  in  1895.  Success  was 
poor  at  first,  owing  to  the  baseness  of  the  ores, 
and  thereafter  only  oxidized  material  was 
handled.  Roasting  furnaces  were  added  f ®  ^ 
enlarged  mill  in  1901  and  slime  tanks  the  fol- 


OQLJnna  HA  NOE. 


lo^v-ing  year.  The  ore  trcntc<l  at  the,  mill 
nwrngrfl  ■?4.C)0  in  gold  per  ton  in  the  begin¬ 
ning  fl’Hl  fts  'ow  as  33  per  ton  at  the  end  of 
operations  in  1907.  The  costs  of  niming  and 
milling  arc  said  to  have  been  about  Sl..j0  p('r 
ton,  and  the  loss  in  the  tailings  averaged  about 
51  per  ton.  The  total  value  of  the  gold  re¬ 
covered  duiTDg  the  bfc  of  the  mine  is  e.sti- 
miited  at  81,500,000  and  .3308,000  wa.s  paid 
ill  dividends.  In  addition,  the  Sacramento 
niiiio  \vn.s  for  several  yearn  the  nio.st  important 
producer  of  mercury  in  Utah. 
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41)  p  r  »•  '  yielding  all  but 

ceiitss  ot  Its  gold,  wlUch  remained  in  tlic 

in  closed  for  alterations 

^  1899  and  was  started  again  in  1901,  having 
ocen  enlarged  to  treat  500  tons  of  ore  dailv 
)s  reported  that  the  cost  of  mining  was  85 
cents  and  milling  25  cents  per  ton.  Tiro  last 
work  on  the  property  was  done  under  a  re- 
con'er  m  1904-5.  No  diiddcnds  vv(to  over 
reported,  although  tho  property  had  a  record 
of  producing  8219,646  in  gold  from  about 
lot), 000  tons  of  ore. 


SUNSHINE. 

A  few  years  after  tlio  Gi-st  gold  discoverip.s 
were  made  in  the  Camp  Floyd  di-strict  the 
Sunshine  and  Overland  mills  were  built-  at 
Sunshine,  4  niile.s  south  of  Meieiu’,  to  treatgold 
ores  similar  to  those  of  iAIereur.  'flie  Sunshine 
property  was  tho  first  to  be  equipped  with  a 
cyanide  mil!,  wliich  operated  fi'ora  December, 
1895,  until  October,  1896,  milling  about  9,000 
Urns  of  $3  to  .84  gold  ore  and  obtaining  about 
$7,000  in  gold  at  the  expenditure  of  several 
limes  as  much.  In  1898-99,  according  to  Charles 
Butters,'  another  unsuccessful  effort  was  made  ' 
to  treat  the  ore.  In  1902  tho  mill  was  again 
started  but  was  closed  at  the  end  of  the  year 
efler  produemg  about  870,000  in  gold  bullion. 
In  1908  the  mill  was  overhauled  by  the  Boston 
Sunshine  Gold  Mining  Co.,  which  treated  125 
to  150  tons  of  oro  daily,  beginning  in  May, 
1909.  By  July,  1910,  the  ore  supply  of  the 
Suashhie  mine  was  exhausted  after  slightly 
over  50,000  tons  had  been  treated  with  an 
average  recovery  of  82.81,  ora.  total  of  814 1,532, 
extracted  at  a  milling  cost,  it  is  reported,*  of 

85  cents  per  ton,  with  only  20  to  40  cents  loft 
m  the  tailings.  Dividends  from  these  last 
operations  aggregated  827,261.  In  all  the 
amslune  mine  is  believed  to  hai^o  yielded 
about  8221,000  in  gold. 

■  Overland  Co.  erected  the  second  mill 
in  he  camp,  starting  operations  in  November, 

0,  on  ore  from  its  property.  It  was  the 
trail!  i„  tli.strict  to  use  electrical  power, 
opment  in  the  upper  levels  of  tho  mine 
^  incline  shaft  and  in  the  lower  by  a 
^cal  shaft  that  cut  the  ore  bed  at  1,600  feet 

86  treated  ranged  from 
83  per  ton  in  gold,  but  decreased  to 

disidcl  of  Utah,  piniphlci  piiblbhed  by 


WEST  DIP, 

West  Dip  is  4.1  miles  northwest  of  Mercur 
1111(1  was  so  mimed  from  the  fact  that  the  rocks 
lit  that  point  dip  about  4.5°  W.,  in  contrast  with 
the  cast  dip  in  the  Mercur  camp,  on  the  oppo¬ 
site  side  of  tho  anticline. 

Mining  began  in  1897,  and  in  July,  1S9.8,  the 
Daisy  mill,  with  a  capacity  of  112  tons  a 
(lay,  was  erected.  It  is  said'to  have  produced 
875,000  m  gold  precipitates  up  to  the  end  of 
1899,  In  July,  1900,  the  Daisy  mine  and  mill 
went  into  the  hands  of  a  receiver.  Tho  Daisy 
property  ‘  is  opened  by  an  incline  shaft  to  the 
70O-foot  level  and  had  ore  assaying  from  $4 
lo  88  per  ton.  Tho  total  costs  of  mining  and 
milling  amounted  to  S3  per  ton.  Equipped 
about  1910  with  modem  machinery  consisting 
of  classifiers,  mixers,  and  filter  presses,  tho  mill 
was  the  first  to  moke  a  success  of  the  West  Dip 
ores.  It  wf.8  corapletelv  destroyed  by  fire  in 
1917. 

In  December,  1898,  a  milJ  was  started  on  the 
La  Cigale  property,  which  is  developed  by 
several  shafts,  the  deepest  in  1897  being  4!0 
feet  sunk  on  an  incline  of  45°.  The  ore  is  difli- 
cult  to  treat,  and  at  the  end  of  1899  work 
was  ahniidoncd.  No  other  attempts  have  been 
reported. 

topoob.aphy. 

By  B.  S.  Butler. 

Tile  topography  of  the  district  is  less  rugged 
than  that  of  the  Ophij-  district  to  the  north  but 
is  otherwise  similar.  The  main  canyons  from 
Lewiston  Peak  cross  the  district  toward  the 
southwest,  the  direction  becoming  more  south¬ 
erly  toward  the  southern  extremity  of  the 
range.  The  area  is  thus  composed  of  a  scrii^s 
of  southwest- trending  ridges  separated 
canyons. 
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OR  1C  OEPOSITS  OP  UTAH. 


OEOLOOY. 

Tlio  geology  of  the  Morcur  district  has  been 
clescribed  by  J.  E.  Spurr,'  from  whose  report 
the  present  ncconnt  is  largely  taken,  though  the. 
writer  spent  sevornl  daj’s  in  the  district  hi  the 
Bummer  of  1912. 

5£DIJI£NTAHY  ROCKS. 

The  sedimentary  rocks  are  maiidy  limestone 
with  some  sandy  and  shaly  beds,  all  being  of 
Carboniferous  age.  Spurr  has  separated  them 
into  the  “Lower  Bine  limestone,”  “Lower  lu- 
tercohited  series,”  “Great  Blue  limestone,” 
containuig  two  shale  mombors,  and  “  Upper 
Intercalated  seriins,”  wliich  he  describes  as  fol- 
lo\V3 :  ’ 

Lower  Bhte.  linmiunc. — The  lowest  horizon  *  *  *  ia 
a  (lark  hliK?,  at  lime*  setnicrjirt.nlline  limestone,  ctarsniic 
lower  Carlwniferoii.s  fomils.  It  forois  a  lyj>e  which  is  ordi¬ 
narily  distinct  from  the  other  limestones  of  the  district  by 
reason  of  its  somewhat  diirker  color,  as  well  as  of  the  gran¬ 
ular  nppearsneo  which  it  derives  from  the  coarser  grain 
and  the  typically  aeaiicrystalline  ewndition.  It  is  only  in 
Lewiston  Canyon  that  this  lowest  horizon  is  exjjoeed  >vithin 
tho  district.  *  *  »■  Going  down  the  canyon  from  Ifer- 
cur,  it  is  met  at  about  three-quaiiere  oi  a  mile  from  the 
town,  riiring  up  in  the  bed  of  the  lainyon  with  gentle  north¬ 
easterly  dip.  It  continues  to  form  Ifie  bed  of  the  canyon 
till  very  near  the  point  where  the  canyon  opens  out  upon 
Uio  plain.  At  this  point  ilie  slight  southwestern  dip  has 
brought  it  down  again,  and  it  disappears  lielow  the  over- 
briiig  beds.  In  the  middle  of  the  expomiro,  directly  in  the 
anticlinal  arch,  a  thickness  of  afout  200  feet  of  this  lime- 
stoue  is  shown  in  tho  walls  of  tiie  canyon.  The  bottom, 
however,  is  not  seen,  and  so  no  statement  in  regard  to  the 
total  thickness  of  the  horizon  can  he  made.  A  typical 
loadity  of  this  rock  is  at  Die  mouth  of  Quartzite  Gulcl-.;  this 
is  also  one  of  the  l)est  localities  for  fossils.  Specimens  col¬ 
lected  at  this  point  have  been  found  hy  Mr.  C.  H.  ScUuchert 
to  bo  of  lower  Carboniforous  age. 

Ljou  er  Inla-enluteA  ftric*,— Directly  nbot  e  the  lower  lime¬ 
stone  comes  a  sorisfl  of  alternating  thin  lujda  of  Umestone 
and  calauvoua  auidstoue,  with  rocks  reiiresenting  various 
aUgea  Ixjtweeii  the  mainly  siliceous  and  the  pvuely  calca¬ 
reous  sedimouts.  This  dories  is  about  coo  feet  thick.  The 
thickest  bed  of  saudaloiio,  which  has  a  thickness  of  a’oont 
100  foot,  is  at  tlic  bottom  of  tho  sericai  I'rom  this  bed  to 
tho  top  of  the  series  there  are  frequent  alhirnations  of  aili- 
ceons  and  calouruous  ivnllmcnls,  so  closely  folloariug  one 
another  and  {Hi«cnUi:g  such  numerous  transiiions  from  the 
one  lo  Uie  other  as  to  show  that  the  entire  series  was  de¬ 
posited  at  a  comparatively  uniform  depth,  just  on  the 
border  between  deuital  doposiu  and  those  of  organic 
origin.  Nearly  all  tho  (on.lslemw  are  more  or  less  calcu- 1 
reous,  and  the  limesloni^  are  usually  siliceous. 

>  Spurr,  J.  R.,  t:(«(x>ink>  ot  lb®  Morciir  inintng  rtlurirt  Otab 

wltli ImrodooUon  by  8.  K.  KmmoM:  U.  8.  Qrol.  Siirvty  (Hilwntli  -Vnn’ 
IU>pr„  pt.  2,  pp.  «3-|.->5,  1106, 
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Gnnf  Bl’ic  limalonc. — Next  above  the  Lower  Intercj. 
lated  scrie.s  comes  llie  formation  which  occupies  the  most  of 
the  Merciir  Uiwiii.  Tliis  is  a  comparatively  uniform,  mas¬ 
sive  limestone,  of  a  dark  gray-lduo  color,  ne.’jly  like 
that  of  the  Lower  limcMtono.  It  breaks  with  a  rough,  con- 
choidal  fracture;  on  weathering  it  becomes  pulvemlent, 
greenish  or  pinkish,  or  nearly  white.  From  its  color  one 
might  suppose  that  it  is  impure,  but  an  analysis  of  a  typical 
specimen  shows  that  in  reality  it  is  verj'  piue,  containiag 
only  asmall  awoiiuiof  insoluble  matter.  It  Isan  entirely 
(T.lcareoiis  limestone,  being  quite  free  from  magnesia;  tho 
color  is  due  to  the  presence  of  .a  small  amount  of  org.»nic 
material.  Usually  tho  outcrop  is  very  fresh,  tho  changiKl 
material  being  carried  away'  :is  feist  as  produced,  but  in 
many  places  tho  alteration  products  have  accuxnulaUjd, 
so  that  the  rock  is  more  or  Ics-s  altered  to  a  depth  of  miny 
feet.  A  notable  instance  is  i-ecu  iii  the  cut  for  the  railroaJ, 
just  southeast  of  the  Simrise  shaft,  whero  tho  rock  has  been 
altered  to  a  light-gray  powder  for  a  dojith  of  20  foci  or  more, 
apparently  by  surface  agencies  alone. 

The  upper  luuit  of  thi.s  rx'k,  which  may  be  called  the 
Great  Blue  limestone,  i.s  not  distinct,  for  it  p.Tsses  gradually 
into  the  serial  next  higher  up.  Its  thickness,  therefore, 
may  be  variously  cstimaUxl,  a('c.ordi:ig  as  the  upper 
boundary  is  defined;  tho  iiiaximimi,  however.  Is  about 
5,000  feet. 

Shal/;  heds. — 'I'hei'e  are  certain  variations  in  the  nature 
of  the  generally  uniform  sediments  which  have  enough 
character  and  persistence  to  be  noticed.  Most  marked 
among  these  geologically,  and  most  imporhint  economi¬ 
cally,  are  the  belt.s  of  black  carbonaceous  and  calcareous 
shale.  These  are  two  in  number,  one  situated  near  the 
bottom  and  the  other  near  tho  top  of  the  Great  Blue  lime¬ 
stone.  Tho  upper  one  is  the  larger  and  the  more  persistent 
in  regard  to  its  characters.  1 1  liea  about  1 ,000  feet  from  the 
top  of  tho  Great  Blue  liinestone,  if  the  latter  is  considered 
in  its  maximum  tbickncKi,  as  estiiuated  abovo;  but  if  it  is 
considered  in  its  minimum  thickness,  then  the  shale 
itself  may  be  held  to  indicate  its  upward  termination. 
The  shale  lies  in  a  strike  \'aney  which  evidently  owes  its 
e.xistenoe  to  tho  more  ready  eruedon  of  tlic  shale  bed.*),  as 
compared  with  those  of  tho  harder  limestones.  The  tliick- 
ne«  of  the  bell  is  somewhat  more  than  100  feet.  These 
slial<?s  can  not  be  considered  as  typical  dotriUil  sediments; 
they  aro  simply  phases  of  tho  linicstono.  In  places,  espe¬ 
cially  where  they  have  been  acted  oo  by  running  w.aler, 
they  are  soft  and  have  no  great  cohoaioo ;  in  other  places 
on  the  same  horizon  tho  rock  is  so  hard  and  conlainH  so 
much  lime  that  it  deserves  rather  tho  name  of  a  shaly  liine- 
stone,  il  considcrcxl  without  reference  to  the  other  locali¬ 
ties.  Specimens  from  this  shale  belt  nearly  always  offer- 
1  v€»ce  with  acid.  The  carbomicvuu.s  matter  is  varying  in 
amount  but  never  vary  great.  •  •  » 

I  The  lower  shale  belt  liea  .about  2,SOO  feet  hclow  the  upper 
I  one,  and  about  1,000  feet  abovo  tho  bottom  of  the  Great 
Blue  limestone.  Its  characters  are  essentially  the  saute 
as  the  upper  but  arc  less  emphasized;  for,  as  it  is  not  so 
ltdek,  its  relation  to  the  pure  limestone  on  both  sidcss  is 
closer.  This  shale  belt  averages  about  25  feet  in  thicknesi, 
but  it  is  varmblo  and  often  bimomce  shaly  limestone,  so 
that  it  is  not  always  possible  to  identify  it  exactly.  These 
two  .shale  belts  carry'  springs  which  furnish  the  entire 
water  supply  of  the  .Morcur  district. 


OOUIKRH  RANGE. 


jtiii  above  Iho  larger  shale  belt  arc  usually  Uiin  bedded. 
,„o»e\vbat«baly  lime-stones,  which  are  Iraa-itiotuxlbewecn 
ihe  "bal®  massive  blue  limestone.  Thtec  rocks 

are  diatingnisbod  by  the  tliiii  plates  into  which  they  split 
on  weiitherlng.  and  the  by  brighter  reddish  and  grewiish 
pjlor  of  the  slightly  we.ithci-ed  s))etiinens.  There  Is  no 
(fcarp  boundary  between  the  shaly  limestones  and  the 
nx’ks  abo\  e  and  below. 

ypprr  InlifCiiMcd  xf.riof. — Above  the  upper  shale  belt 
Ihe  rix?ks  begin  to  contain  arenaceous  layois,  sepanitod 
bv  very  thick  beds  of  pure  linteutono.  At  a  distance  of 
about  1,0W)  feet  abov-e  the  top  of  the  shale  these  sandstone 
beds  become  so  common  as  to  mark  the  lower  limit  of  a 
new  lithological  series,  the  Upper  Intercalated  series. 
This  reproduces  on  a  l.irger  Hc-ale  the  characters  of  the 
Lower  Intercalated  scries.  The  reck  types  are  nearly 
the  wme,  but  the  individual  beds  arc  thicker  and  farther 
apart.  From  the  bottom  of  the  series  to  ilie  top  of  the 
ridge  there  arc  probably  about  a  dozen  beds  of  sandstone, 
etch  of  wbicb  has  a  thickness  of  100  feet  or  more;  yet  in 
places  the  sediinouts  seem  to  alternate  even  more  clcieely 
than  in  the  lower  Mries.  Many  of  the  beds  present  for 
conaiderable  distances  a  complete  intermediate  stage 
between  .sandstone  and  limestone,  and  in  phiees  Uiycrs  of 
mainly  calcareous  sediments  alternate  very  uniformly 
\nth  Ityers  which  are  mainly  arenaceous,  each  layer  being 
eoly  a  tew  inches  Uiick,  and  the  alternalioa  being  ntany 
times  rejxKtted.  The  thickness  of  this  Upper  Intercnlatod 
tcrios,  as  estimated  from  its  base  to  the  summit  of  the 
ridge  which  divides  Mercur  Dasin  from  Pole  Canyon,  is 
5,000  ar  6,000  feet.  Hiis,  however,  is  not  the  top  of  the 
serira,  for  the  rocks  preserve  their  northeasterly  dip  for  a 
ccnaidcrable  distance  dowm  the  other  side  of  the  mountain 
into  Pole  Canyon  before  heginuLng  to  rise  again  on  the 
other  side  of  the  syncline.  The  total  thicku6.sa,  therefore, 
most  bo  upward  of  fi,000  feet,  and  may  be  as  much  as  10,000 
tML 

Agt  of  the  strata. — Fossils  wero  collected  from  the  bed.s 
io  the  Mercur  lla.«in  at  various  points,  so  as  to  represent 
a»  well  as  ptxtsible  the  entire  series  from  the  Lower  Blue 
luEWtoue  to  the  Upper  Intercalated  series.  These  were 
rubnuttad  to  Mr.  Charles  Shuchert,  of  the  United  Stales 
Goolcfical  Survey,  who  found  them  all  to  be  of  Carhonif- 
emus  age.  According  to  hfr  report,  the  Lower  Blue  lime- 
•tone  and  the  Lower  InU;rcalated  series  are  iu  the  lower 
0aiboiLilero-.Ls,  while  the  Upper  Intercalated  series  is 
probably  in  the  Co-.J  Mea-sures.  The  boundary  between 
these  two  divifions  can  not  be  closely  defined.  It  may  be 
ia  the  middle  or  the  upper  part  of  the  Great  Blue  lime- 
"lono,  or,  more  probably,  at  the  top  of  it.  Tho  fossils 
hro  a  gradually  clionging  series,  which  begins  somewhere 
•liove  l.oe  bare  of  the  lower  C.arboniferous  and  seems  to 
hrminot*-  in  the  upper  Carboniferou.s.' 

ERCPTIVI  ROCKS. 

Sptirr^  describes  the  igneous  rocks  ns  follows: 

In  the  Mercur  district  there  are  two  distinct  varieties  of  I 
^ly  rolsied  eruptive  rooks,  which  form  sheets  or  small  , 
wj^lho  Great  Blue  limcetoue.  Both  of  these  rocks 

^ J't »  wiijg  of  (anil  bryomnns  mid  iinwlti-'issls  Irotn  tli«  lower  ali.ile 
Schuelicrt  K«ys:  "They  nrwot  IhcsgotBur- 
ol  ll'«  Uii>.i5!(lpplan  j»rie4S.”— S,  F.  Enunon*. 


389 

iHihHig  ln  iKerlamof  nuarla-porphyrics.  allhctigh  i  bey  arc 
very  dissimilar  in  appearance. 

Eagle  IliU  parph^. — One  of  these  vsrieiies  is  found  in 
grentufit  thickness  and  feshest  condition  in  Ihe  vicinitv  of 
Eagle  Hill,  on  tho  dindo  which  seitarales  the  Mercur 
Basin  frotn  Sunshine  nnd  the  anuthorn  end  of  the  range. 
This  rock  in  its  freshest  condition  iu  nearly  pure  white, 
with  a  gra)'isb,  brownish,  or  sometimes  ptnkisli  tinge;  it 
is  compart  and  fino  grained,  and  breaks  with  acouchoidal 
fracture  nnd  a  rough  texture.  Small  phenocrystsof  (piartz, 
foldsjiar,  and  biotite  may  often  be  observed,  though  tJiey 
are  never  conspicuous;  rarely  the  thin  plates  of  biotite 
become  nearly  a  quarter  of  an  uich  acrow. 

A  specimen  of  frc'sh  rock  shows  under  the  niicroecojK!  a 
finely  inicrocrj'stalline  groundmass,  in  places  made  up  of 
very  smalt  aphonilites,  which  occasionally  grade  into  a 
micropegmatitic  iuteigrowtb  of  quartz  and  feldspar. 
Lath-ohaped  micreditet  of  feldspar  nre  very  common,  but 
the  main  part  of  tho  groandmiss  is  not  courso  enough  to 
render  the  component  minerals  distinguishable.  Pheno- 
cryslsoro  rare  but  are  fresh  when  found.  They  consist, 
so  far  as  olwervcd,  of  quartz,  biotite,  and  orthoclasc  feld- 
sp.ar.  The  quartz  ie  iu  crj-stala  or  irregular  groins,  which 
show  corrosion  hy  the  magni-a  previous  (o  tho  coosolidiu 
tion  of  the  rock.  Tho  feldspar  has  crystal  outlines,  often 
rounded  by  corrosion,  and  shows  no  decomposition.  The 
biotito  is  dark  colored  and  strongly  plcochroic;  along  its 
cleavage  cracks  some  of  the  iron  hassoporated  out  as  oxide. 

Except  where  the  beds  aro  thickest,  tho  porphyry  is 
usually  considerably  decomposed,  and  tho  thinner  the 
sheet  tho  more,  as  .a  r.ilc,  has  it  suffered  from  contact  with 
atmospheric  or  other  disLntegrating  agencies.  On  weather¬ 
ing,  the  rock  loses  cohesion  and  becainea  a  compart,  very 
fine  grained,  chalky  moss,  so  soft  as  to  be  easily  iinprcseed 
rrith  tlie  finger  noil,  or  finally  a  loose  powder.  The 
weathered  rocks  are  uauallv  of  a  cream-yellow  color,  but 
they  aro  often  stained  in  a  variety  of  ah-adc»— red,  yellow, 
greenish  gray,  or  nearly  blac  k . 

The  Eagle  Hill  porphyry  eeems  to  besplit  up  chielly  into 
two  principal  sheets,  whi<-h  arc  well  c.xi>oaod  on  the  sides 
of  Eagle  Hill.  Both  sre  in  a  general  way  parallel  to  the 
Ix'dding  of  the  limestone,  so  that  they  are  true  sheets;  in 
places,  however,  the  Iwundary  cuts  across  the  bedding 
at  a  considerable  angle,  which  sometimes  is  as  much  as 
90°.  *  *  •  ^Tien  a  continijoiia  contact  is  mapped  and 
plotted  over  a  considerable  distance  the  true  relation  of 
the  limestone  to  the  porphyry  is  very'  clearly  soon. 

Since  the  hills  around  Mercur  are  not  covered  by  drift  or 
alluvUiro,  it  ia  comporalively  easy  to  traco  continuou.Hly 
tho  line  of  contact  of  the  eruptive  vriti  tho  scdirncutary 
rocks.  *  *  • 

The  uppermost  of  the  two  principal  sbeota  is  ♦  *  ♦ 
east  of  Eagle  Hill  on  the  ridge  south  of  Mercur.  lire  top 
of  the  kw*  next  east  from  Eagle  Hill  is  of  lira(«tone, 
and  the  porphyry  forms  a  broad  bdt  ou  its  .■<idps.  This 
sheet  is  probabl.V  between  230  nod  SOO  feet  Ikick,  but  it 
dies  out  rapidly,  aud  to  tho  northwest  the  outcrop  docs 
not  descend  fn)m  the  hill,  but  is  replaced  by  limestone. 

Tho  second  sheet,  which  i.s  estim.i,ted  to  ho  stratipraphi- 
cally  about  700  foot  below  the  first,  is  found  in  its  g^test 
thicknesd  and  with  its  rocks  in  the  freshest  condition  on 
the  spur  between  Eagle  Hill  and. Sunrise  Hill.  Tho 
greatest  thickness  exposed  here  is  probably  iipwnnl  of  :i00 
feet,  but  it  seems  to  thin  anth  great  rapidity  to  the  north 
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aiirl  tad  lo  split  into  wvora!  Bmall  sbeels.  Owinp 
to  the  miri.h(«»t  dip.  thosn  tliiii  sheet*  am  well  expos<vl 
only  in  the  pluecs  of  deepcHl  croioii,  in  thin  case  in  the 
lowoBt  part  of  the  Mercur  Ba?in,  at  the  head  of  I-ea'lMon 
Canyon.  Here,  ow'ing  to  their  wnall  tlii<  kn«<s,  tlicy  are 
Diiti'h  decomposed;  they  am  alan  intimately  connected 
with  the  ore  deposition,  There  are  hero  tbree  ^^^a!l 
iihM'tH,  avera^n)t  about  10  or  15  feet  in  thickness.  On  the 
olht'r  side  of  the  basin  they  seem  lo  unite  again,  and  (he 
porphyry  hecome-i  temporarily  thicker  than  in  the  basiti. 
Yet  it  is  probably  now  here  more  than  100  feet  thick 
nnd  msuiilly  it  i.s  much  hvs.  The  eume  RCnoral  ehef-t  of 
porphyry  lia.s  been  traced  to  the  nortlmm  side  of  Lion 
Hill,  at  a  point  overlooking  Ophir  Canyon. 

On  the  Kouthem  side  of  Kogle  Dill  the  upper  sheet 
cccupioa  a  considcrAble  area;  the  lower  short  seems  to 
be  split  up  into  two  thin  sheets,  one  <'f  which  runs  around 
and  joins  the  upper  body  while  the  other  persists  in  the 
hoUoni  of  Sunshine  Gulch,  past  the  Glencoe  and  the  Sun¬ 
shine  mines,  till  it  disappears  in  the  foothills  south  of 
Sunshine.  Nearly  all  these  outcrops  are  on  the  nortlicaut 
limb  of  '.ho  anlirline,  when'  the  roclot  dip  to  the  northeast. 

The  .arching  oi  the  fold  causes  I  ho  outcrop  lo  describe  a 
curve  on  the  southeast  side  of  Lewiston  Canyon.  Here 
the  porphyry  can  be  traced  rising  up  .aboro  the  top  of  the 
canyon  wall,  till  with  the  new  dip  to  the  southwest  it 
conic.s  down  to  the  bottom  of  the  canyon  again  at  its  very 
mouth.  Oil  the  other  side  of  the  canyon  there  is  a  piut 
of  the  corresponding  curve,  but  It  docs  not  appear  to  be 
coinpleied,  mi  a*  to  joiu  it«eli  with  the  first.  Tliia  may 
be  due  to  a  local  ditmppearance  uf  (ho  sheet. 

The  porphjTy  has  iu  grcaUsil  devolojiiuent  around 
Ei^le  Hill,  and  It  seenut  probable  that,  somewhere  in  this 
vicinity  exists  the  clumnel  through  which  it  r-amo  up 
from  below.  The  lower  Bhf>et  is  ihiekcst  on  a  line  runniug 
directly  from  Eagle  Hill  to  Lion  Hilt  and  appears  to  thin 
graduaily  from  the  fonner  inward  (he  latter,  though  the 
erosion  of  Iho  doejjor  valleys  has  removed  it  from  much  j 
of  (he  intermitliatti  region.  Nor.hcastward  from  this  line 
it  lltina  rapidly,  and  to  (he  northwestward  it  Ihicken.s. 

Tlicrc  lias  been  much  iiiiiiiiig  dcrclopment 
in  tlio  district  since  the  litno  nf  S[)urr‘s  inves¬ 
tigation  and  exposures  in  I  lie  ore  zone  arc 
far  more  extensive,  giving  a  correspondingly 
favorable  opportunity  for  observation.  The 
wiitor  was  infornietl  b}'  the  nmnageraoiit  of 
the  CoDsobdated  Mercur  Mines  Co.  that  devel¬ 
opments  had  failed  to  show  the  presence  of 
thin  porphyry  sheets  iu  connection  with  the 
ore  zones  and  an  oxaiuiuation  of  some  of  the 
best  exposures  in  tho  mine  faile<J  to  tUscIoso 
them.  Most  of  the  ixicks  are  much  alteretl,  ami  a 
sheet  of  altered  porphyry  mightwell  be  mistaken 
for  an  altered  sodiraeiit,  but  it  was  possible 
to  trace  several  supposed  porphjny  beds 
along  tho  strike  into  unmistakable  sedi¬ 
mentary  rock.  Moreover,  several  shale  beds, 
commonly  called  ‘'porphyrj','’  carry  abundant 


fossils  that  leave  no  doubt  of  their  sedimentary 
origin. 

The  writer  did  not  .spend  sufTii  ient  time 
in  tho  district  lo  follow  out  I  lie  suiiposed 
porphyry  horizons  in  detail.  At  several  points 
ho  was  unable  to  recognize  any  porphyry 
and  believes  that  porjiliyry  at  these  horizons 
does  not  form  continuous  slieets  extending  out 
from  the  main  masses. 

Birdseye  porphyni. — The  other  variety  of  ixirphi’n’, 

'  ceiled  by  miuern  and  explorers  “bird-ieye’'  porphyr)',  id 
cxposeil  on  tho  tuvu  of  the  Mwcur  Basin  map  only  in 
tho  nci'li west  corner.  It  lorm.s  part  of  (wo  ccnspicuous 
Mninencos,  which  have  been  ct.lloil  Porphyry  Hill  and 
Porphyry  Knob.  This  rock  does  not  in  any  way  resemble 
the  porphjTj’  jiL't  rlcacriberl.  In  its  freshest  condition 
its  genond  color  is  gray.  Tho  porph.vTitic  crv-stals  ore 
wtdl  developed  and  make  up  a  large  part  of  the  bulk  of  the 
rook.  They  consist  of  Light-gray  feldspaw  of  rjtlier 
uniform  size,  the  huger  varying  from  an  eighth  to  a  guarlcr 
of  an  inch  in  diameter;  alpo  regulurb'  dissoininated  biofite 
in  black  hexagonal  prisms  about  an  eighth  of  an  inch 
in  diameter,  and  ooe.tsioiial  quartz  crjistalfi.  These, 
with  uLiuy  smaller  pheiincrysts,  are  set  iu  a  greenish-gray 
groundmiujs.  On  decompoidlion  the  groandmoss  assumes 
a  deep  olii  c -green  ixilor,  which  becomes  browninh  in  places; 
tho  feldspars  become  wliiter,  so  that  t.Vicy  stand  out  morvi 
sharply  from  the  rest  of  the  rock  and  Iho  mica  assumes  a 
grcrcnlsh-bronze  color.  The  process  of  alteration  of  this 
rock  is  as  different  from  that  of  the  Bagle  Hill  porph\T)' 
as  are  the  two  rocks  in  appearance.  In  the  beginniBg 
of  the  process  the  Bugle  Hill  variety  breaks  up  into  small, 
sharp  fragments,  whii'h  boconic  dislodged  and  lie  in 
great  numbers  on  Iho  lurfacn  nbove  the  solid  rock,  .^s 
disintegration  proceeds  tho  rock  is  finally  reduced  lo  ike 
I  pulverulent  state.  In  the  birdseye  porphyry,  however, 
this  is  not  the  case.  Tho  alteration  [iroceeds  grndnally 
throughout  tho  rock,  ns  it  does  in  the  dlsinlegraticn  oi 
granites.  The  rock  does  not  split  or  shell  but  romuiiis 
firm  till  the  process  is  far  advanced;  hence,  by  the  lime 
it  loses  its  cohesiveness  it  Is  so  much  decomposed  as  to  be 
ready  to  form  soil.  When  (he  rock  crumbli-s  the  niineraU 
which  make  up  tho  porpliyrit  ic  crystals  can  still  ordinarily 
be  diatinguishod. 

On  the  edge  of  the  Mercur  Basin  the  birdaoyc  porpkj'ry 
consists  of  a  single  sheet,  conformable  with  too  itrstifica- 
lion  and  svith  the  sheets  of  K.igic  HilJ  porpb)'ry.  The 
horizon  of  the  two  porphyries  is  in  a  general  way  shout 
the  same,  although  ne*r  Porphyry  Hill  the  sheet  of  the 
Efigle  Hill  Variety  is  eevend  hundred  feet  lower  doam 
than  the  bird.sej’o  porjihyry.  Tho  latter  occupies  the 
summit  of  Porphyry  Knob,  where  it  has  *  columnnr 
structure,  which  is  tlevcloped  by  weatljering.  Betwoan 
Porphyry  Knob  nnd  Porphyry  Hill  erooion  has  worn  down 
through  the  sheot  and  revealed  the  limeetone  beneath. 
Tho  southwest  slopo  of  Porphyry  Hil,!  stands  si  rigl*' 
angles  to  the  dip  of  tho  strata  and  the  full  thicknc:»  of 
the  porphyry  sheet  is  shown  in  section,  the  somniil  of 
the  hill  being  formed  of  limestono  strata.  The  porphyry 
outcrop  followed  fouthenst  diiuiiiishos  very  graduslly  m 
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l.^pljjj^iorMmedistanceand  then  teiniinaieH  .srt;t1>rii|itly 

(o  snj.'est  *  other  evidence  of  a  fault,  how¬ 

ever  I'ln  be  found,  and  it  is  tx:-rlain  that  no  niovouiei’.l 
of  ({Teat  importance  has  occtirreil;  nioroover.  no  oiitrrnp 
of  represKmflnit  tlie  oilier  «i<le  of  a  fault  can  be 

(omul.  N'orih  vest  ward  the  porphyry  cart  be  easrily 
traced.  If  ^’‘’***  '*  exposed 

hi)*  upon  the  northern  wall  of  Opliir  rniiyon. 

The  bi^ll<^<?^'e  pes  phyry  in  the  Morour  dfcitrict,  Thereforo, 
jjioslv  the  oiIbo  of  the  main  niats.  It  jcems  to  have  its 
(.(Witcsrt  development  corwiderably  northweat  of  that  of 
the  Eiiglo  Hill  piirphyry.  nlthongh  it.  appears  at  about 
the  same  horizon  UTid  on  tbo  same  general  topographical 
and  stmt igraph leal  line.  It  is  probable,  Iharefore,  Ihiii 
they  am  genetically  connected — that  they  represent  tho 
same  geneml  magms  which  ascended  along  the  tine  of 
weakness  induced  by  tho  mountain  building  and  erj-s- 
lallbeJ  at  different  times  and  under  varying  eondilioDs. 

No  evidence  of  value  with  regard  to  the  relative  age  of 
[he  two  varieties  of  ixjrjihyry  has  been  found.  In  a  aiuglo 
pli£i* — on  Lion  Hill — a  contact  between  the.  two  wus 
found,  by  the  side  of  the  road  which  leads  to  the  mines, 
but  it  was  of  such  a  character  and  the  rocks  were  so  thor- 
wigtily  tlcc'ompcscd  that  no  evidence  conld  be  derived 
I'lvm  it. 

STHUCTUSE. 

Tlio  muin  stnictiiral  features  of  the  Camp 
Floytl  district  are  relatively  simple.  The  west 
.siilo  of  tho  range  is  a  simple  anticline  striking 
iiorlhwcst  about  with  the  trend  of  the  range. 
This  aiiliclino  is  well  c.Kposed  in  Lewnston  Can¬ 
yon,  and  in  Ophir  Canyon  to  the  north.  Its 
crt-sl  iu  Lewiston  C'anyon  is  about  1 1  inilew 
southwest  of  Mercur.  The  Mereur  Busin  is 
therefore  on  tlio  east  limb  of  the  anticluie,  and 
the  euinp  of  West  Dip,  as  indicated  by  the 
uiimc,  is  on  the  west  limb.  The  same  structure 
o.xtonils  south  to  the  limit  of  the  range. 

Faulting  is  of  minor  structural  though  of 
some  economic  importance.  Tho  northeast 
fissures  are  of  much  importance  in  coimection 
with  the  oro  deposits  but  have  e.vertod  little 
iiiliuenco  in  tho  general  structui'e  of  the  dis¬ 
trict. 

OKE  DEPOSITS. 

MERCUB. 

Tiie  oro  deposits  of  tho  Mercim  area  com- 
pnse  silver  deposits  and  gold  deposits,  both 
locally  called  "ledges.”  Small  amounts  of 
silver  ores  have  been  mined  from  tho  gold 
ledges,”  and  small  amounts  of  gold  from  the 
silver  “ledges,”  but  in  general  tho  silver 
'ledge”  carries  little  gold  and  the  gold  ledge 
ores  are  remarkably  free  from  silver.  The 
^'■er  ores  are  of  little  commeroinl  importance, 
hut  the  gold  ores  have  yielded  largely. 


filLVKR  DEPOSITS. 

The  silver  "ledge”  o<'cui-s  at  a  rather  dclinite 
horizon  in  t'no  lirae.stone  and  can  be  traced, 
with  interruptions,  from  Lion  flill  on  tho 
norlli  to  Eagle  Hill  on  the  south.  At  both 
Lion  Hill  nnd  Eagle  Hill  the  ledge  appears  to 
bo  as.soc.iatcd  with  porphyry  bodies,  but  be¬ 
tween  these  two  points  its  eh>.se  association 
with  porphyry  is  not  so  apparent.  Tlie  leilgo 
does,  however,  appear  to  occupy  about  tho 
same,  horizon  tliroughout  its  extent. 

The  typical  silver  lodge  is  a  cherty  material 
resulting  from  the  silieiGcation  of  limestone, 
ft  is  resistant  to  erosion  and  usually  outcrops 
rather  prominently'.  In  addition  to  cherty 
quartz  it  commonly  includes  considerable  cal- 
citc  and  barite,  the  barite  being  esper.ially 
abundant  in  the  ores.  Scricite  is  jiresont  in 
considerable  amount  in  many  parts  of  Lion 
Hill  and  in  less  amount  in  the  Morcur  camp. 

Locally,  tho  ledge  is  an  ore  containing,  in 
tho  Mercur  district,  stibnito  aiul  possibly  other 
antimony  minerals;  copper  carbonates;  scoro- 
dite,  and  possibly'  other  ai-sonic  minerals; 
silver  ill  small  amount,  mainly  as  the  chloride, 
thougli  iu  the  primary  ore  doubth'ss  as  tiio 
sulphiJo  or  some  silver-autimoiiv  mineral;  and 
H  little  gold. 

Tiio  following  is  an  analy'si.s  of  oxidized  silver 
oro  fnun  the  Spurrowhawk  mine: 


Aivtli/sis  of  'he  Siiorrouhatii  nn'.' 


[^V,  r.  IliUebrtind,  nnjlyst.] 

Silicon  dioxide  (810,^ . 

Titanium  dioxide  (TiO,) . 

.Vluminum  »eaqaioxido  (.•Vi..03) . 

Inm  aesquioxide  (f‘e|0,) . . 

Inai  protoxide  (KeO) . 

Calcium  oxida  (<‘aO) . 

Darinin  oxide  (BaO) . 

.Magiicaiiim  oxido  (ifjO) . 

Potaasiam  oxido  (KjO) . 

Sodium  oxide  (NojOj . . . 

Lithium  oxide  (Li,0) . 

Water  below  110®  C . 

Water  above  110®  C . . . 

Sulphur  trioxide  (SO,) . 

PhoaphorUM  pmitoxklo  (PjO,) . 

.Vutixuony  peutoxide  (SbjOj) . 

Arectiic  pento.xide  (A^jO,) . 

Molybdenum  (.Mo) . .  . 

Tellurium  (To) . 


Per  ennt. 

. 81.70 

. 20 

.  3. 24 

.  r>.  41 

. 28 

. 44 

. 43 

. 10 

.  1.  10 

. 12 

Strong  trace. 

. 29 

.  2.  16 

.  2. 97 

. 05 

.  1.02 

. 40 

Slroug  trace. 
Stroug  trace. 
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l  Spurr,  J,  C„  op.  oil.,  p.  3*1, 


392 


ORE  DEPOSITS  OF  UTAH, 


Tlic  potassium  and  aluminum  arc  present  in 
very  nearly  the  proportions  for  muscovite  and 
arc  probably  present  as  sericitc,  though  some 
of  the  potassium  may  be  present  as  jnrosite 
and  some  of  botli  tho  potassium  and  aluminum 
as  alunite. 

'rhe  ganguo  minerals  of  the  Mercur  Basin  and 
those  of  Lion  Hill  are  very  similar,  but  the 
metallic  constituents  dilTor  considerably,  those 
of  Lion  Hill  containing  considerable  load,  more 
copper,  and  some  //me.  Neither  lead  or  zinc 
oi'o  reported  from  the  Mercur  deposits.  The 
field  r(dations  and  tho  character  of  the  gangue 
minerals  leave  little  doubt  that  tho  silver  ores 
of  tho  two  arena  are  of  conunon  origin  though 
they  differ  somewhat  in  metal  content. 

Tho  average  grade  of  the  silver  ores  is  not 
known.  Some  rich  pockets  were  mined,  but 
operations  wore  never  very  extensive  and  soon 
censed  indicating  that  the  average  grade  was 
not  high, 

aet.o  DP.rosiTa. 

Tho  accompanying  generalized  section  (fig. 
41)  through  tho  ore-bearing  fomaation  of  the 
Mercur  district  was  furnishetl  by  tho  Consoli¬ 
dated  Mercur  Co.  It  does  not  represent  the 
thickness  of  the  different  formations  at  any 
given  point  but  is  an  approximate  average  of 
their  thickness  as  they  have  beon  encountore<l 
in  tho  mine  workings. 

Getu.ral  section. — The  names  given  for  the 
strata  in  the  general  section  (fig.  41)  of  the  ore- 
beuring  formation  of  the  Meroui’  area  are  those 
in  common  use  and  do  not  necessaril}'  repre¬ 
sent  the  chunwter  of  the  material;  in  fact, 
some  of  tho  beds  called  "porphyry”  contain 
fossils  and  are  generally  rscognized  to  be 
sedimentary. 

At  the  base  of  tho  ovo  scries  is  a  massive  blue 
limestone  with  beds  of  shul}'  material.  Those 
are  unmineralized  and  practically  unaltered. 
Overlying  this  is  the  silver  ledge,  which  is  a ' 
cherty,  ratlier  porous  mass,  resulting  from  the 
silicification  of  limestone.  It  curries  silver, 
and  in  places  is  a  commercial  ore.  Locally, 
notably  in  the  anticlinal  body  in  tho  Brick>-ard 
and  in  the  Geyser  mines,  gold  ore  has  been 
mined  from  tlie  silver  vein. 

Overlying  tho  silver  ledge  is  the  Magazine 
vein.  Tho  lower  part,  known  us  the  Hard 
Magnzme,  is  a  cherty  material,  resulting  from 
tho  silicification  of  limestone  and  in  many 
places  closely  resembles  tho  silver  vein;  com¬ 


monly,  however,  it  is  more  massive  and  docs 
not  possess  the  .same  porous  character.  The 
upper  i)art,  known  us  tho  Soft  Magazine  vein, 


Upper  vc:n"porphyr/*^ 

Upper  vein 
Upper  veil)  footwill 


Middle  9trea)( 


Mervur  vein  "pirphyr/* 

Mercur  vein 

Mercur  fcotwall 
Lower  hi.If 


Soft 

Majjazire 

Silver  ledge 


Cold'bcnring 


Fiquhe  il.— Getieraliecd  McUon  of  are  t>odii  lu  Mwciir  district. 
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is  ft  shaly  ninUTial,  li-Jit  colored  and  banded  I  chert v  minn  •  i, 
where  oxidized  and  black  whero  unoxidized. '  rc^jcmKi:.,  ^ 

The  hard  magazine  is  about  20  feet  tliick  and  (o  have  f  appear 

(be  soft  about  7  feet.  Both  carry  gold  and  have  nr/0  '‘l^-eration  though  they 

have  been  mined.  "  have  probably  gu.ncd  silica  atuj  possibly  some 

Overlying  the  Alagaziue  vein  and  about  30  i"  scricite.  The 

feel  of  cherty  material  (altered  limestone)  that  Lsen*.  in’ibTTT’  "x7  ^“7  oi'ik'inally 
cftrries  little  gold  is  the  shaly  Apex  vein  wliich  i  •  i  contains 

is  about  8  feet  thick  and  catTiesYo?^  'Yt  tZ  -'"d  .secondary  calcite. 


it  IS  1  he  pnneipul  metallie  minerals 


overlain  by  about  4  feet  of  cherty  material  realgar  with  s 
that  IS  not  ore  and  by  60  feet  of  relatively  Ue  following 
unaltered  limestone.  ' 


.  minerats  are  pyrite, 

y;  "’>7  orpiment,  and  cinnabar, 
i  he  following  analysis  is  of  sulphido  ore  from 


I*crccnt, 
.  6G.  i2 
.  .86 
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uaaiMJieu  umesLODB.  l  »  — - • -'"i-'iiuu  ui  o  jioiu 

The  Mercur  vein,  wnich  lie,  next  above,  iJ  of  IboGolde,,  Gate  mine: 

20  to  25  feet  thick.  Its  upper  4  feet  is  known  AnAlysU  of  Golden  Gau  or,.' 

as  the  Mercur  vein  “porphyry.'’  Its  lower  iw.  r.  niUrtn.ud,i«.i.i,.,ai 

20  feet  m  separated  into  two  parts  by  the  Silicon  dio.vido  (SiO,) . 

Mercur  vein  tootwall,  a  thin  pemistent  layer  'i^taoinm  dio-xido  (TiOj) . .  . .  ^’gg 

of  shaly  material.  The  upper  12  feet  is  known  •'''■*^““Besquioxido''(ALA) . .7”'!."!!'!.  «  85 

as  the  Mercui-  vein  and  the  lower  6  feet  as  the  «»q'noxidf  (FcA) . . .  "i 

iTf  . ■' 

BBd  by  nodular  ohorty  mnesos,  which  arc  Cildum  oxide  (C.O>  .  S 

present  where  the  limestone  is  little  altered  barium oxido(DaO). . . lo 

and  appear  to  be  original  in  the  limestone  -'^ognehium o.xido (MsO) . ..7!!”! . 83 

rather  than  a  result  of  mineralization.  In  “■'Jde  (K,0) . ;  '  2! 73 

mauy  places  the  .Mercur  vciu  has  been  altered  S2u„«"^dVSm . v . 

is  4  cherty  mass  very  similar  to  the  silver 

iMge  and  tho  Magazine  A'ein.  The  Mercur  Watcrabovolio®  c . 

vein  “porphyry,’’  where  seen  in  the  mine,  is  Sulphur  (rioxide <S0,) . 31 

commonly  a  rather  massive  gray  rock  that  is  ^’bosphonis  peaioxide  (P,0,) . .'04 

soft  and  easily  penetrated  by  the  nick  It  is  P«'»‘««do (a&A) . . 

of  rather  shaly  toxlmrc  aud  appearc  to  be  an  . V.;  ' 

.Vbove  the  Mercur  vein  ‘ '  porphyry  ’  ’  is  abou  t  99  95 

36  feet  of  limestone  followed  by  about  6  feet  t>i  u  r*  r  l  1 

of  shftly  fossiliferous  materiY  W  where  .the  rock  and  the  addition 

«.di4cd  and  black  whero  base.  This  is  Imowi!  f 

•s  the  .uiddle  streak  and  is  gold  boarinu.  Next  ,  .'I  P'™";  »  «•■»«<>  “timMe 

above  is  20  .1 _ T-  .  it  ol  tho  value  of  the  ore  from  its  annoumnee. 


oxide  (Li.jO) .  Very  el  rontr  trace 

lowllO^C .  53 

^^'ono-’c . 


re  IS  20  feet  of  limestone,  above  which  lies 


ore  from  its  appourunce. 


the  highest  mineralized  zone— about  40  feet  P'-’'‘"‘Ptibly  differ  from 

W  shaly  and  siliceous  material  as  follows-  is  uccessaiy  tosampleand  assay  to 

Upper  vein  footwall,  5  feet;  Upper  vein,  8  ,'ts  Realgar  or  cinnabar 

feet;  Upper  vein  porph>Ty,  20  feet;  shale'  8  indicates  good  ore,  but  their  absence 

feet.  Overlying  this  is  the  massive  blue  lin'ie-  barrenness. 

There  is  commonly  a  considerable  difference 
The  beds  are  cut  by  a  series  of  fissures  appearance  between  the  oxidized  and  un- 
of  north  and  dipping  very  steeply  oxidized  (base)  oro.  The  oxidized  010  is 
iiit  .®®’'®®^ootsfoUow  approximately  the  generally  light  colored  and  more  friablo  thou 
^ersect.ion  of  the  fissures  with  the  ore  bed.s.  file  uuo.xidized;  it  lacks  sulphides  and  con- 
howev  between  ore  bodies  and  fissures  is,  tains  sulphates,  including  scoiodite,  malauto- 
ilio  striking  in  this  district  than  in  rite,  jiiro.silo,  and  gypsum. 

“nd  Stockton  districts.  .  v  .  - 


ITtI  r  .  spnrr.  I.  E..  op.  cU.,  p.  «•, 

Iar»elv  i  eUcralion  of  the  tocIis  is  I  •  in  tho  opinion  of  pr,  iruioiimno 

Mon  ^  “^pendent  on  their  original  character.  «v.iyxed,  uitbough  on  iKw.in|  or  ti 
Jiaily  of  ij  °  uiiitblotosiibtniia  lODU-oofulicst, 

Cstono  beds  are  Slhcificd  to  a  Obiotltlslockofcorl^lnlybylbeliiu 


If illobnint]  (htro  vi*  i  ?tIur!uio  In  tb«  >:impii> 
Mtinl  of  tb«  iinnll  ijuiuiUty  obtubwul  bo  waa 
pooful  lest,  an'l  iiierarim  thought  ben  to  Indi- 
by  Ibe  iulcmi^tloo  murk. 
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OP.E  DEPOSITS  OF  VTAFf. 


'I'lift  followin';  is  ill',  noiilysis  of  oxiilizwl  | 
gold  orti  from  the  slope  ol  (lie  Al>ex  liinind  in  j 
the  Mcreur  mini'.’  | 

/Wifi't/sw  nf  Mmur  ori\ 

[W.  F.  Illllrlir.iinl,  "n.i'.yM.I  ii.ri.n* 


]  tr  (  I'll*, 

Silicon  dioxide  (SiO^) . 

Titanium  dioxide  (TiOj) . - .  • 

A luuiimim  acriquioxide  (A hOj) . 

Iron  seaquioxido  (FO|jO,,) . 

Iron  protoxide  (FcO) . .  • .  - . 

Calcium  oxide  (CaO) . 

Unrium  oxide  (BaO) . 

Magnmiiini  oxide  (MgO) . .  • 

Poturniilrn  oxide  (K;0) . .  ■ 

SoiHura  oxido  (Na.,.0) . 

Lithium oxido(I<iO) .  Slront;  trace. 

Water  bedow  110“  C . ^<5 

Water  abovo  110“  C . 

Sulphur  trioxidc  (SO,) . 

Phosphorua  pentoxido  (PjO,) . 0^ 

Aisenic  pentoxide  (AsjOJ .  l  l>0 

Molvlideuum  (Mo) .  C?) 

Tollurium  (Te) .  (?) 


Occarrf.nre  of  the  gold. — Gold  is  never  visible 
in  cither  the  oxidized  or  unoxitlizod  ores  of  the 
distriet,  and  tho  form  in  wliich  it  is  present  has 
never  been  positively  determined,  though 
Spun-  thinks  it  is  present  as  the  tellurido  in  the 
base  ore  and  as  free  gold,  though  probably  in 
some  special  tromlitiou,  in  the.  oxidizeel  ore.  It 
has  bc.cn  suggesfetl  hy  Spiu-r  .and  others  that 
the.  gold  of  the  Mcrcur  distriet  occurs  in  an 
nllotropic  form  that  will  not  readily  amalga¬ 
mate  with  raorciu-y  hut  is  attacked  hy  cldorino 
and  potassium  oyiuiidc.  Unfortunately  gold 
has  never  boon  foimd  in  the  oxidized  ores  of  the 
Merciu'  district  hi  sufficient  concentration  to 
make  a  carofid  chemical  e.v  ami  nation  of  its 


'Hie  insoluble  gold  given  is  an  average  of  a 
number  of  tests  made  on  raw  ore  after  linie 
oxidation  by  agitation  of  5  {lounds  of  ore, 
ground  to  pas.s  20()-mesh,  by  air  iu  a  2-poiiad 
cyanide  solution  with  25  poimds  of  lime.  Iffie 
dinVreiit  ores  were  boiled  for  a  M'ce.k,  the  earhou 
scum  being  skimmed  repeatedly.  9'hc  oxi¬ 
dized  ore  gave  almost  no  ciu'hon,  but  the.  py- 
ritic  base  gave  a  large  amount.  An  analysis  of 
the  scum  gave  10.3  per  cent  free  oarbo.n  and 
S9.I0  gold;  after  agitation  in  potassium  auro- 
cyanide  (KAuCja)  solution  ajid  washing  it 
ivssayed  S90.60  per  ton. 

There  is  considerable  concentration  of  gold 
in  the  carbon  content  of  the  ore,  as  shown  b}' 
head  aisay  after  boiling:  Raw  pyrite  base, 
S3.31;  after  boiling,  S2. 27. 

It  is  of  coumc  well  known  that  carbon  wil! 
precipitate  gold  from  solution,  though  no  gen¬ 
eral  agreement  has  been  reached  ua  to  the 
cause  of  such  precipitation;  and  it  has  also  been 
shown  -  that  in  gold-silver  cyanide  solutions 
carbon  precipitates  gold  more  readily  than 
silvei',  and  that  little  silver  precipitates  while 
gold  remains  in  solution.  Spurr  has  shown 
that  the  gold  is  not  particularly  associated  with 
the  sulpirides,  and  tho  data  at  h.and  point  to 
its  association  with  the  carbon  of  the  rocks. 

Down  the  dip  tho  character  of  the  ore  does 
not  chimgo  notably  after  the  sulphide  ore  has 
been  reached,  but  the  gold  content  decreases 
in  a  short  distanwi  from  good  ore  to  material 
too  low  in  gold  for  commercial  treatment. 

Ilie  ma.ximum  distanoo  from  the  outcrop  to 
which  ore  has  been  developed  is  about  1,500 
feet.  The  great  bulk  of  the  ore,  however,  hirs 
come  from  within  a  few  hundred  feet  of  tho 


condition  possible. 

Expcriiiients  caiTied  on  for  the  Consolidated 
Mercur  Mures  Co.  indicate  an  a.saociatioii  of  tire 
carbon  of  tho  oro  with  tho  gold.  'Hie  following 
arc  the  carbon  content  and  the  insoluble  gold 
m  (lifTererit  types  of  ore  examined: 

Aisocittiton  of  carbon  tti>d  ihaolubU  gold  in  Mmur  ora. 


1 

Carbon. 

Insoluble 

gold. 

1 

Oxidi/.ed  oro .  j 

1  Percent, 

0  IQ5 

Raw  ba.^o  (iiraeniol .  ! 

Pvritio  base . 

.35S 

.90 

“  . 1 

11  Ijll  t 

trace. 

'  Spurr,  J.  E.,  op,  cit., 

P.  436. 

outcrop. 

Tho  decrease  in  tbo  gold  content  of  the  ore 
with  increasing  distance  from  the  surface 
suggests  eni’ichmeut  by  surface  solutioirs.  On 
the  other  hand,  the  ores  at  or  very  near  the 
surface  are  os  rich  es  at  any  greater  depth,  and 
in  the  absence  of  an  overlying  leached  zone  jt 
is  not  easy  to  find  a  source  for  such  enrichment 
The  grade  of  the  oro  is  low'.  In  1902  il 
nvenrgeJ  S5.72  per  ton,  of  w'hich  SI. 19  was  lost 
hi  the  tailings.  From  that  time  the  average  of 
the  oro  treated  has  decreased  till  in  recent  years 
it  has  been  us  low  as  S3 .50  per  ton  with  80  to  90 
cents  lost  in  tailings.  _ 

s  R,  K.,  Precipltatko  of  goJU  and  dJwr  by  curboo:  Min. 

Sci.  Press,  vol.  KW,  p.  mx 
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Tlio  average  gra<lo  of  llic  on-  nViiif'd  is  of 
course  depoiulont  on  iho  cost  of  I'xtraelioii  ami 
(ivatinont,  for  as  low-graWo  rock  is  taken  as 
ran  be  profitably  haiulled. 

QurcKMLv>:n  dki-oj^its. 

Tlic  vSacramenfo  is  tbe  only  mine  in  the  dis¬ 
trict  from  wliicli  quicksilver  bus  been  produced 
in  commercial  quantities,  aurl  it  was  inacces¬ 
sible  wbe-n  the  writer  visited  the  district. 
Bcutwell'  has  described  tlio  deposit  ns  follows; 

The  ore  is  earthy  cinn.abar  with  a  siliceoiis  gaugue  and 
yields  6  per  cent  oa  an  avenigu  and  80  per  coat  in  picked 
atnplM.  Uoccai-ain  bandsiii  an  altered  chertylimcatone 
tdjicent  to  a  dike  and  to  a  fracture  zone,  lu  geuaeral  the 
pertiuQ  of  this  limestcne  which  hears  quicksilver  cinsli- 
tilM  1  lenticular  shoot  measuring  about  10  feet  in  thick¬ 
ness,  30  feet  along  the  strike,  and  MO  feet  on  the  dip.  This 
lens  is  eoincident  with  the  bedding  of  the  limestone  along 
the  middle  and  major  portion  of  ila  dip,  but  at  its  upper 
etfgeilhecdsandciitsabruptly  across  the  bedding;  while 
at  its  lower  edge,  on  approaching  tho  dike  and  fracture  on 
iUilij),  it  drops  sharply  down  acrese  the  bedding,  pinching 
out  at  hotli  its  upper  and  lower  tenuinations  to  thin  edges. 

WEST  DIP. 

"iTie  deposits  at  West  Dip  arc  about  di  miles 
west  of  Mercur  in  strata  that  dip  nither  gently 
west.  Tho  deposits  were  not  being  operated  at 
the  time  of  vi.sit  and  cousequeiitly  were  not 
e.xfimined,  but  so  far  as  lommed  from  descrip¬ 
tions,  tho  occuiTenco  of  tho  ores  is  similar  to 
ibut  ut  Mercur. 

SUNSHIKE. 

The  Sunshine  district,  about  4  miles  south  of 
Mercur,  was  also  idle  in  1912,  but  the  occur¬ 
rence  of  its  ores  is  apparently  similar  to  that  at 
Mercur  and  West  Dip. 

OEKESIfi  OF  THE  ORES. 

The  origin  of  tho  ores  of  the  Camp  Floyd 
district  is  not  as  apparent  as  in  many  districts 
of  tho  State.  So  far  as  the  character  of  the 
rock  is  concerned  the  location  of  the  deposits 
appears  to  bo  duo  to  the  sbaly  strata,  for  the 
ores  are  associated  mth  this  zone  and  have 
hot  been  found  in  the  limestone  or  quartzite 
oither  above  or  below. 

This  association  of  ore  with  shale  is  sus- 
oeptible  of  at  least  two  interpretations;  First, 
f  at  the  shale  layem  were  relatively  imper¬ 
ious  to  solutions  and  by  interfering  with  the 
^M^irculation  caused  the  deposition  of  the 

J  u.,  Quickslh-vr:  U.  S  Ocol.  Sunoy  Mineral  Hisiourct^, 


ores;  and  second,  that  soi.io  constituent  of  tlic 
shale  acted  as  a  reducing  agent  nnd  precipitalcHl 
the  gold  from  (ho  solutions.  If  is  well  known 
that  uiterferencc  by  shale  layers  tends  tocuu.se 
;)rccipilution,  hut  in  tho  Camp  Floyd  district,  the 
solutions  must  have  passed  through  several 
shaly  beds,  for  several  ore  zones  lie  one  above 
another.  The  ability  of  carbon  or  some  sub¬ 
stance  associated  with  it  to  precipitate  gold  from 
solution  is  also  known,  and  tho  apparent  associa¬ 
tion  of  gold  with  the  carbonaceous  matter  sug¬ 
gests  that  this  has  been  an  active  factor  in  the 
formation  of  the  deposits.  Moreover,  as  gold  is 
ordinarily  raoro  readily  precipitated  than  silver, 
a  solution  that  contained  both  gold  and  silver 
might  have  had  much  of  its  gold  nnd  little  of 
its  silver  precipitated  by  the  carbon  of  tho 
rocks. 

SpuiT  eoiisidom  tliat  the  silver  deposits  uro 
distinctly  older  than  the  gold  deposits  and  that 
thioro  is  no  intimate  relation  between  the  two, 
'lire  writer  failed  to  find  convincing  ovidcuco 
of  this  and  is  inclined  to  consider  all  tho  de¬ 
posits  of  essentially  the  same  age,  though  ho  is 
not  prepared  to  offer  a  dofmito  explanation  for 
tho  difference  in  the  metal  content  of  tho  ores. 
In  otlier  parts  of  the  State,  where  .a  similar 
difference  exists,  there  is  practically  no  doubt 
that  the  ore  deposits  are  of  the  same  age  and  of 
common  origin.  (See  p.  180.)  The  ore  solu¬ 
tions  are  hclicvcd  to  liave  been  deep  seated 
and  associated  with  the  general  mineralization 
of  the  range.  (See  j).  339.) 
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OnE  DEPOSITS  OP  UTAH. 


EAST  TINTIC  MOUNTAINS. 

Dy  Waldem.vk  I.indoke.v  and  G.  F.  Ixjugblin’. 

GENEKAL  FEATXJBES, 

Tlie.  Kast  Tintic  Moinitnins  in  central  Utah 
form  one  of  the  easternmost  ranges  of  the 
Great  Biisin.  They  arc  crosseil  hy  latitude 
40°  N.  and  longitude  112°  VV.  They  include 
two  oi’gaiibicd  mining  districts,  the  Tintic  in 
the  central  and  the  North  Tintic  (including  the 
Boulter  district)  in  the  northern  part  of  the 
range.  The  boundary  between  these  two  dis¬ 
tricts  is  appro.xinmtely  marked  by  the  Denver 
&  Bio  Grande  Railroad,  which  extends  east¬ 
ward  from  Eureka,  the  largest  settlement  in 
the  range.  The  area  extending  a  few  miles 
south  of  the  railroad  and  east  of  longitude  112° 
5'  W.  is  locally  known  as  the  East  Tintic  dis¬ 
trict  but  is  hero  included  in  the  Tintic  district. 

The  Tintic  district  proper  hu.s  long  been  one 
of  the  most  productive  in  Utah  and  has  been 
studied  in  dctnU.  ITie  North  and  East  Tintic 
districts  have  only  a  few  productive  mines  and 
have  been  studioil  only  in  reconnaissance. 
These  three  districts  are  de.scribed  in  a  recent 
Survey  report,'  an  abstract  of  which  is  given 
on  pages  396-418  of  this  paper. 

TOPOGBAPHY. 

The  East  Tintic  Moim tains  are  maturely 
dissected  and  show  evidence  of  typical  blot^k 
faulting  at  only  a  few  places.  The  highest 
peaks  attain  elcva tions  of  over  8,000  feet.  The 
elevation  of  Tintic  Valley  on  the  west  is  about 
5, .500  feet  and  that  of  Goshen  VaUey  on  the  cast 
is  4,500  feet.  The  range  is  penetrated  by  a 
few  prominent  trnnsvei-se  gulches,  in  the  most 
important  of  which  are  Eureka  and  iinmmoth, 
the  principal  settlements  of  the  Tmtic  district. 
(See  fig.  42.)  Silver  City,  the  only  other  active 
settlement,  is  3  miles  south  of  Mammoth,  at 
the  mouth  of  a  smaller  gidch.  These  are  nil 
reached  by  the  Denver  &  Rio  Grando  tyid  the 
Los  iVngclcs  &  Salt  Luke  railroad.s.  Abandoned 
ramps  and  old  mill  and  smeller  sites  are  Dia¬ 
mond,  south  of  Silver  City;  Homansville, 
northeast  of  Eureka;  and  Tintic,  to  the  south¬ 
west  ill  Tintic  Valley. 


suppiie.s  Silver  City.  The  water  suppli(.3  of 
Eureka,  the  Denver  &  Rio  Grande  Railroad 
and  several  mines  are  obtained  from  wcUs  and 
infiltration  galleries  driven  in  surface  debris 
over  rhyolite  and  in  the  rhyolite,  itself.  The 
water  supply  of  Mammoth  (including  Robin¬ 
son)  Is  piped  IS  miles  from  Cherrj'  Creek  in  the 
West  Tintic  Mountains. 

TINTIC  DISTBICT. 

GEOLOGY. 

OEKERAI.  FEATURES. 

The  East  Tintic.  Range  is  composed  of  Paleo¬ 
zoic  sedimentary  and  Tertiaiy  igneous  rock-s. 
(See  fig.  42.)  The  sedimentary  rocks  are 
chiefly  a  quartzite  over  6,000  feet  thick,  over- 
lain  by  6,500  to  7,000  feel  of  limestone,  includ¬ 
ing  a  small  amount  of  shale.  The  igneous 
rocks  are  in  part  intrusive  rhyolite  porphyiy 
and  monzonite  and  in  part  extrusive  rhyo¬ 
lites,  latiU^,  and  perhaps  andesites.  The  sedi¬ 
mentary  rooks  for  the  most  part  form  a  great 
north-trending  anticline  in  the  western  part  of 
the  North  Tintic  district  and  an  accompanykig 
s\Ticlmc  which  appears  in  the  Tintic  district 
proper  and  the  eastcni  port  of  the  North  Tintic 
district.  The  limb  common  to  both  these  folds 
has  steep  to  vertical  dips  and  locally  even 
overturned  dips.  The  western  limb  of  the 
anticline  and  the  eastern  limb  of  the  syncl'me 
have  prevailing  dips  of  30°  or  less.  The  folding 
east  and  south  of  the  Tintic  district  proper  is 
largely  concealed  beneath  volcanic  r<jeks,  but  a 
small  part  of  an  anticline  is  exposed  at  the  head 
of  Goshen  Valley.  The  stratigraphy  and  struc¬ 
ture  are  complicated  by  a  large  number  of 
faults,  the  largest  of  which,  in  the  Tintic  dis¬ 
trict,  are  prevolcanic  and  have  had  little  influ¬ 
ence  on  the  distribution  and  size  of  ore  bodies. 

SEDIUERTARY  ROCSS. 

The  sedimentary  roi^ks  included  Cauibrinn, 
Ordovician,  Devonian,  and  Mississippian  strata, 
internipteil  by  unconformities  at  or  near  the 
top  of  the  C'ambrian  and  at  the  base  of  the 
Mississippian. 

CAMOaiA.V  SYSTEM. 


There  are  no  permanent  streams  in  the  East 
Tintic  Mountains,  but  several  springs  rise  in 
the  area  of  igneous  rocks  and  a  group  of  them 
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The  Cambrian  strata  include  the  great 
Tintic  quartzite,  over  6,000  feet  thick,  tne 
shaly  Ophir  formation  (see  p.  398),  and  several 
limestones  and  dolomites,  'fhey  range  from 
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Thitk  The  Tiiitic  quiutzilo 

tends  iiloiig  tlic  west  front  of  the  range  frr»m 
the  Mamniotli  northward  for  more  than  6 
miles,  fmally  pitehing  below  the  surface  along 
the  axis  of  the  anticline.  It  is  also  exposed  at 
a  few  places  south  of  Goshen  Valley  and  in 
isolated  patches  in  tho  igneous  area  from  l^Iam- 
nioth  southward.  'Hie  typical  rock  is  grapsh 
wliitc  to  piUc  piuk,3'ollow,  or  brown  in  color,  of 
fine,  even  grain,  and  is  composed  almost  on- 
tirel_v  of  quarU.  Indications  of  bcdiling  are 
absent  in  many  plttee.s,  owing  to  unifoimity 
of  composition  and  to  excessive  jointing.  Con¬ 
glomerate  beds,  Iiowever,  containing  mastly 
pebbles  of  vein  quartz  and  a  few  of  quartzite 
arc  finind  througliout  tl)e  formation,  aud  a  few 
insigiiificant  .slate  bands  liave  boon  noted. 
The  uf)por  beds  are  Ies.s  puro  than  the  average 
and  puss  conformably  hut  abruptly  into  tlio 
shale  of  the  Ophir  formation. 

Three  or  four  miles  northwc'st  of  Eureka,  on  , 
tho  W(>st  slope  of  the  ridge,  the  quartzite  con-  j 
tains  a  10-foot  bed,  green  where  fresli  aud  dark  j 
reddish-brown  where  weathered,  that  contains  ' 
18.4  per  cent  of  iron.  It  has  been  mistaken 
for  the  gossan  of  a  fissure  vein.  , 

AlUiough  no  fossils  have  been  found  in  the  I 
Tintic  quartzite,  it  accords  in  stratigraphic  j 
position  with  other  quartzite  beds  that  are 
know  to  be  Lower  Cumbrian.  Its  groat 
thickness,  over  6,000  feet,  suggests,  however, 
that  its  lower  part  may  include  some  pre- 
Cambrian  beds. 

Ophir  formation. — Above  the  quartzite,  or 
along  its  eastern  boundary,  lies  a  band  150  to 
475  feet  tliick  of  predominating  gray-green 
sbtdes  with  intercalated  lenses  of  dark-blue 
oi-giilaceous  limestone,  wliich  Ls  called  the 
Ophir  formation,  after  tlio  Opliir  district. 
Middle  Cambrian  fossils  have  been  found  in  it 
100  feet  above  its  buso.  The  same  formation 
at  e,  few  other  places  in  Utah  contains  Lower 
Caiubriiin  fossil-s  in  its  lowest  beds,  aud  the 
formation  jis  a  whole,  therefoic,  appeals  to 
mark  tl\o  transition  from  Lower  to  Middle 
Cambrian. 

Beds  overlyin/f  the  Ophir  formation. — Above 
tho  Opliir  formation  lies  about  900  feet  of  pre¬ 
vailingly  argillaceous  Ihneslono  and  about  710 
feet  of  dolomite,  all  of  Middle  Cambrian  age. 
Thestf  beds  form ,  a  series  of  parallel  north- 
south  bands  extending  along  the  western  part 
of  tho  Tiiitic  district  and  into  tho  North  Tintic 


district.  'I'hey  are  also  present  in  tlie  East 
Tintic  district,  where  they  form  the  country 
rock  around  tho  Tintic  Standard  and  East 
Tintic  Development  mines,  and  in  a  few  amall 
areas  about  12  miles  south  of  Mammoth.  In 
tho  detailed  report  ‘  these  strata  are  subdi¬ 
vided,  as  follows,  the  lowest  beds  appearing  at 
tlio  top  of  the  list: 

Teutonic  limestone,  named  after  Tentouic 
Ridge,  northwest  of  Eureka;  .565  feet  tliick; 
dark  bluish  gray;  argillaceous;  in  part  mottled, 
in  part  striped  with  brown,  aiul  in  part  line'.v 
ba:idcd:  weathers  to  light  gray. 

Dagmar  limestone,  named  after  the  Dagaiur 
property;  100  feet  thick;  argiJlucoous;  dark  to 
medium  gray  on  fresh  fracture  but  weather¬ 
ing  wliite;  very  finely  banded. 

Ilerkiiner  limestone,  named  after  the  Heiki- 
nier  property;  225  to  235  feet  thick;  argilla¬ 
ceous;  dark  bluish,  mottled  wit  h  brovTi;  closely 
resembles  parts  of  tho  Teutonic  limestone. 

Illuebird  dolomite,  miriicd  after  Bluebird 
Spur  west  of  Eureka;  2(X)  feet  tliick;  dark 
blue;  spangled  witii  short  wliite  rod-shaped  aud 
branching  aggiegates  of  dolomite. 

Cole  Canyon  dolomite,  named  after  Colo 
Ciuiyon  west  of  Eureka;  510  feet  tliick;  alter¬ 
nating  beds  of  dark-blue  mottled  or  clouded 
dolomite  and  of  white-weathering  beds  pre¬ 
vailingly  of  dolomite;  contains  Middle  Cam¬ 
brian  fossils. 

Dolomite  beds  aro  continuous  above  tho 
Cole  Cajij'on  dolomite  but  are  tentatively 
assigned  to  the  Upper  Cambrian,  on  the  evi¬ 
dence  of  a  few  poorly  preserved  fossils.  I'hey 
are  designated  the  Opex  dolomite,  after  the 
Ope.x  proptu’ty,  whose  extensive  workings  are 
for  the  most  part  in  these  bcd.s.  The  exten¬ 
sive  stopcs  of  the  Centennial  Eureka  mine 
also  are  mostly  in  this  formation.  The  rock 
is  prevailingly  dark-gray  dolomite  similar  in 
character  to  those  of  Middle  Cambrian  age, 
aud  also  includes  a  little  light-gi'n\'  dolomite, 
shaly  limestone,  a  few  thin  beds  of  shale, 
limestone  congloraoi'nte,  and  quartzite.  Its 
j  thickness  where  moasimed  is  about  400  feet 
but  ranges  from  more  than  400  feet  down  to 
almost  nothing. 

The  vnrjuug  chnractcr  of  the  basal  Ordo¬ 
vician  strata,  the  presence  in  (hem  of  occa¬ 
sional  Cambrian  pebblt'S,  und  the  great  diffei^ 
once  ill  thickness  (1,227  to  3.315  feet)  between 
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tbe  L’pppi'  Cilinbrijol  scclioiis,  in  (ho  'I'iiuic 
and  in  other  rc'gioiis  in  Uldi,  all  indicalo  im 
unconlormity  between  Upper  Cuuibriun  aiul 
Ordovician. 

ORDOVTCIAX  SY.STSM. 

The  Ordovician  atnita  include  throe  divi¬ 
sions,  with  ii  lotiil  thickness  of  2,300  to  2,-10(.> 
feet.,  that  extend  in  piirtiUcl  north-south  bauds 
(hroiigh  the  middle  part  of  the  Tiutic  district 
and  into  (he  North  Tintic  district.  They  arc 
also  prominent  around  Ilomansville  ami  Pin- 
yon  Peak,  3  to  4  miles  northeast  of  Eureka, 
and  occupy  an  area  of  lcs.s  than  a  square  mile 
along  Burriston  Canyon  in  the  East  Tintic 
district. 

Ajtix  limtstone. — The  lowest  fonnulion, 
named  the  Ajax  limestone,  after  the  old  Ajax 
mine,  is  for  the  most  part  a  nmgne.siau  lime¬ 
stone  characterized  by  small  noriules  and 
lenses  of  light-gray  chert.  The  nppei*masl 
part  is  very  low  in  magnesia  and  grades  into 
the  middle  formotion.  Lower  OrdoWeian  fos¬ 
sils  are  present  but  very  scarce. 

Opohonga  linusiojLe, — The  Opohonga  lime¬ 
stone,  so  called  after  the  Opohonga  mine,  is  a 
slinly  limestone  of  iiither  light  bluish-gray 
color,  with  lenticular  bunds  and  patches  of 
yellowish  or  reddish  brown.  Its  thickness, 
where  measured  between  Mammoth  and  Eu¬ 
reka,  is  825  feet,  but  it  is  considerably  thicker 
in-  the  North  Tintic  district.  Lower  Onlovi- 
cinu  (Beekmantown)  fossils  ore  present. 

Bluebell  dolomite. — The  upper  formation  is 
called  the  Bluebell  dolomite  after  the  Eagle 
and  Bluebell  mine,  whose  ore  bodies  it  con¬ 
tains,  as  well  as  those  of  the  Gemini,  Chief 
Consolidated,  Victoria,  Grand  Central,  and 
Mammoth  mines.  It  consists  of  alternating 
lignt  and  dark  gray  dolomite  beds,  which 
resemble  those  of  the  Cole  Canyon  (Middle 
Cambrian)  dolomite  so  closely  that  the  two 
fomiiitions  have  been  confused  in  places,  espe- 
aidly  just  north  and  south  of  Eureka,  where 
aulting  of  gi’eat  horizontal  displacement  has 
fought  the  two  in  line  with  each  other.  The 
uehell  dolomite,  however,  is  decidedly  the 
bicker,  ranging  from  about  700  to  1,100  feet, 
e  Variation  being  due,  in  part,  to  strike 
11  ting  and  in  part  to  an  unconformity  at 
th'  dossils  found  at  different  places  in 
13  dolomite  indicate  a  range  in  ago  from 
Upper  Ordovician  (Beekmantown 
^^ichmond).  Tho  upper  400  feet,  in  which 
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no  fos.siJs  have  been  found,  intiy  ho  of  Silurian 
or  Lower  Dcwoniaii  age. 

SIUIB1.VX  .\sij  U3WEU  m.vo.\tA.N'  .svstk.m.s 

No  Silurian  or  Lower  Dcvoiiiuii  strata  have 
been  recognized.  If  prc«scn(,  their  lithologic 
character  are  similar  to  (hose  of  (lie  Oido- 
viciaii  dolomite,  and  their  aggregate  thickness 
can  not  bo  over  400  or  500  feot. 

OmiK  DKTON'IAN  HYAl'KM. 

Plnyon  Peak  limeatotu. —  Up[K'r  Devonian 
1  fossils  were  found  only  along  (he  upper  east- 
1  ern  slope  of  Pinyoii  Peak,  over  a  mile  north- 
cast’  of  IJoinaiis^Tllc.  They'  are.  contained  in 
tlic  Pinymn  Peak  limestone,  a  shaly  limestone 
about  1.50  feet  thick,  similar  in  color  ami 
structuro  to  (ho  Opohonga  (Ordovician)  linio- 
stono. 

CAaBONIKliuoCS  (MISSISSIM't.W)  fiVSTK.M. 

Victona  (juarUife.—Tho  lowest  Mhsissippiaii 
strata,  culled  the  Victoria  quartzite,  rest 
uuconformably  upon  the  Dovouian  and  Ordo¬ 
vician.  Tho  unconformity  is  niiirkcd  by  ht.tlo 
or  no  discordance  in  dip,  but  by  tho  variation 
in  the  ago  of  (ho  immediately  underlying  rocks 
and  by  tho  presence  of  pebbles  of  Ordovician 
dolomite  in  the  busiJ  beds  of  tboMississippian. 
The  beds  consist  of  more  or  less  calcareous 
quartzite  and  conglomeratic  limestone  and 
reach  a  maximum  of  85  feet  in  thickness. 

Gardner  dolomile.  —  Above  the  Victoria 
quartzite  lies  tho  Gardner  dolomite  (named 
after  Gardner  Canyon),  which  comprises  400  to 
700  feet  of  jirevuilingly  dolouiitic  dark  bluish- 
gray  beds,  churjicterizcd  by  fossils  of  Lower 
Mississippian  (Madison)  age.  Tho  Gardner 
coutahis  intercalated  beds  of  black  hmestone 
and  two  highly  carbonaceous  beds,  tho  larger 
of  which  is  100  loot  thick  jind  marks  tho  top 
of  the  formation. 

Pine  Canyon  limeeilone. — ^I’he  Gardner  dolo¬ 
mite  is  overlain  by  the  Pine  Canyon  limestone, 
1,000  foot  thick,  which  consists  for  tho  most 
part  of  dark-blue  to  black  and  finc-gramed 
strarit,  characterized  by  largo  nodules  and 
lenses  of  black  chert  but  containing  in  its  upper 
part  prominent  beds  of  gray  coarse-grained 
pure  limestone,  in  one  iff  which  the  famous  ore 
body  of  tho  "Clolorado  Channel”  was  formed. 
Most  of  the  Pine  Canyon  limestone,  according 
to  its  fossils,  is  of  [.ower  Mls-sissippian  age,  but 
the  upper  300  feet,  approximately,  is  tenta¬ 
tively  assigned  to  the  Upper  Mississippian. 
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Uunihugfrjirmxiiinn,—'V\\Ci  Pine  Canyon  linic- 
atone  is  overlain  l)y  the  Humbug  fonnation,  a 
aeries  of  limestone,  shale,  and  sandstone  beds 
of  Upper  Mlssissijipinn  uge.  In  the  Tintic 
distinct  it  is  onl^'  250  f<‘et  thick,  but  in  the 
North  Tintic  district,  along  tho  ■wcstei'n  front 
of  the  ningc,  it  is  very  nnieh  tiiicUer. 

sombnci.atuuk. 

^\s  tlio  sedimentary'  rocks  arc  classified  in 
more  detail  in  Lindgren  and  Loughlin’s  report’ 
than  in  the  earlier  report^  on  tho  district, 
wiiich  has  been  refeired  to  in  many  publica¬ 
tions  sinco  1891),  tlic  following  table  may  be 
convenient  in  corrolating  tho  names  in  both. 


Gixliva  limertUiTie.... 


TOWVR  i.SU  MIIT;,  AN-!  1501.  IRNDOaEN  .\N1>  I.OUGUUN,  lOlO. 

llunibiii;  formation . CaiTil/ug  formation. 

fPiue  Canyon  limestone. 
Gardner  dolomite. 
Virtoria  quartzite. 
Pinyon  Peak  limestone. 
.Bluebell  dolomito. 
'Ojiohcnga  limestone. 
Ajax  limestone. 

Opex  drdomite. 

Cole  CiOiyon  dolomite. 
Bhiebird  dolomite. 
Herkinicr  limestone. 
Dagmar  limestoue. 
Teutonic  limestone. 
Opbir  formation. 

'Piiitic  quartzite. 


Mammoth  (or  Eureka  limeatonc.'i^ 


Tintic  (or  Robinson*)  quartzite. . 


IGKEOUS  ROCKS. 

CHAR.\CrSR  AND  AC.E. 

Th(^  greater  part  of  tho  East  Tintic  Moun¬ 
tains  soutli  and  cast  of  Eureka  is  covered  by 
Tertiary  volcanie  rocks,  with  which  are  in¬ 
cluded  a  few  necks  or  stocks  and  dikes.  They 
consist  for  tho  most  part  of  rhyolite,  nmnzo- 
nito,  Intite,  perhaps  andesite,  and  ininoi'  basalt. 
Tlio  sequence  of  eruptions  is,  so  far  as  known, 
early  latito  or  andesite,  rhyolites,  main  latitc- 
andesito  gi-oup  and  inonzonite,  basalt.  The 
eruptions  took  place  long  after  the  sedunen- 
taiy  rocks  had  been  folded  and  faulted  and 
eroded  into  topographic  forms  much  like  those 
of  to-day. 

»  n*»l0Ky  Uitl  ore  iltpcBtis  o(  tho  IHnlio  ailnbiit  illitrlcl:  U.  a  0«iL 
Survur  Crof.  Piipcr  107, 1010. 

•  Totror,  O.  W.,  Jr.,  »iid  SiiUfii.  0,  O.,  OrolOAX  adA  'nlnkiK  Indtistrt- 
ol  thaTtntloUKtrU’l,  rtali:  U.  B.  CroJ.  Surrey  Miu-tranlli  .Ann  Rpiit 
pt,  3,  pp.  eoi-TOr,  l!W.  ■’ 

»U»ed  bl  Tower,  O.  W..  jr.,  *u.l  Smltl,,  o.  ij.,  y.  3  opoI  Stin-ov 
QeoL  .Vth*,  Ttntto  iipccliU  Mi*  (So.  K),  aco. 


F.Aiir.v  t.atitf:  on  a.^besitk. 

The  existence  of  biotite-augite  latito  or  nii- 
desilc  earlier  than  tho  rhyolites  is  proved  by 
spcciraeiis  collected  on  the  dump  of  a  shaft 
whose  upper  part  is  in  fluidal  rliyolile.  These 
may  coire-spond  to  the  lavas  cxposetl  beneath 
rhyolite  near  the  Iron  Blo.ssom  No.  3  niiiie  but 
ere  too  thoroughly  altered  to  bo  satisfactorily 
identified.  They  cover  an  insignificant  part  of 
the  igneous  area. 

RUYOUrE. 

Three  important  areas  of  rhyolite  and  one 
of  rhyolite  porphyry  were  mapped  during  tho 
fiist  sun'oy  of  tho  district.  Tho  southern  rhyo¬ 
lite,  called  tho  Fernovr  rhyolite,  and  tho  north¬ 
ern  rhyohte,  imnamod,  are  not  near  the  prin¬ 
cipal  mining  centers  and  are  not  described  hero. 
Tho  middle  rhyolite  is  calleel  tho  Packard  rhyo¬ 
lite,  and  tho  rhyolite  porphyry  the  Swansea 
rhyolite.  Besides  these,  there  aro  two  minor 
bodies  of  rhyolito  and  at  least  one  horizon  of 
rhyolite  tuff.  One  of  the  minor  rhyolito  bodies, 
characterized  by  a  marked  fluidal  stmeture, 
covers  a  small  area  east  of  tho  Iron  Blossom 
No.  3  mine.  It  underlies  the  rhyolite  tuff, 
which  is  ovorlain  by  tho  Packaitl  rhyolito,  and 
by  its  relations  has  been  tho  means  of  detect¬ 
ing  postv'olcivnic  or  “Basin  Range”  faulting  in 
tho  northern  part  of  the  prominent  ridge  3 
miles  east  of  Mammoth. 

Tho  Packard  rhyohte  covei-s  an  irregular  area 
of  18  to  20  square  milos  north  and  east  of 
Eureka.  North  of  Eureka,  at  Packard  Peak, 
which  is  believed  to  mark  the  center  from 
which  it  eniptod,  the  rhyolito  is  800  to  1,000 
feet  thick  and  may  once  have  been  twice  ns 
thick.  Several  rhyolite  dikes  have  heeh  noted 
both  at  the  surface  near  Packard  Peak  and  in 
some  of  tho  mines  near  Eureka.  Other  dikes 
have  been  found  in  tho  East  Tintio  district  aud 
near  Pinyon  Peak.  Contacts  Avith  the  main 
latite-anilesite  series  along  its  eastern  and 
southoni  boundaries  show  the  Packard  rhyolite 
to  bo  tho  oldor  rock.  The  typical  rock  is  pink 
to  giay,  in  places  brown  or  dark  purple,  ai>d 
distinctly  porphyritic.  Whore  altered  it  i9 
hght  greenish  gray  to  white.  The  groundmas.^ 
is  for  tho  most  part  stony  (wholly  or  partly 
microcrv'stallino)  but  near  the  upper  contact  b 
locally  a  black  to  gray  gloss.  The  visible  min- 
;  orals,  pbenocrysts,  are  feldspais,  quartz,  ann 
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biotito.  Pla^ioclaso,  ns  sliown  liy  tho  micro¬ 
scope,  prwiominatrs  over  oidioclasc  (simi.llno), 
,ilthoug:h  potash  exceeds  soda  in  tho  chemical 
ejjalj'sis,  which  implies  that  a  considerable 
amoant  of  potash  exists  in  the  groutulraass. 
Quartz  occurs  in  glassy  grains,  many  of  them 
irregular  and  soino  with  rather  woli-defined 
crystal  outlines.  Though  less  abundant  than 
the  feldspars  it  is  widespread  and  is  a  dis- 
tiegaishing  characteristic  of  the  Packard  and 
Swansea  rhyolites  ns  comjrared  with  the  other 
igneous  rooks  of  tho  district.  Biotite  forms 
ly-picftl  six-3ide<I  crystals.  Magnetite,  apatite, 
zircon,  ami  locally  biov^m  homblendo  ai-o  minor 
constituents.  lYhero  the  rock  is  altered  tho 
plcgioclaso  is  changed  to  sericito,  calcite,  and 
cliiiicedonic  quartz,  and  the  biotite  to  chlorite 
(delessite?),  hut  tho  other  minerals  aro  not 
conspicuously  (^hanged.  Chalcedony  or  opal, 
anil  locally  tridymito,  calcito,  and  heulnnclite, 
fill  flow  partings  and  fractures. 

The  Swansea  rhyolite  is  an  intrusive  body 
nearly  three-fifths  of  a  mile  long  and  avertvging 
one-foxirth  of  a  niilo  wide,  between  Robinson 
and  Silver  ('ity.  A  few  dikes  of  it  have  been 
found  to  tho  north,  principally  in  deep  mine 
workings,  and  one  rather  lai'ge  inclusion  of  it’ 
was  found  in  the  adjacent  monzonito,  wiiich  is 
a  kuer  intiarsion.  Tho  Swansea  rhyolite  i.s 
similar  to  tho  Packard  rhyolite  in  color  ami 
mineral  composition  but  lacks  tho  structures? 
characteristic  of  extr’usive  rocks.  It  is  on 
the  whole  more  highly  porphyritic,  and  it? 
grouadmaas  in  most  place's  is  more  thoroughly 
crystallized.  ^Vltcration  to  chlorite,  sericite, 
quartz,  and  pyiite  is  prevalent.  At  one  place, 
m  the  Swa,n.sea  mine,  tourmalin©  is  present. 

tATrTK-A.VDKStTK  SEntF.3. 

So  far  as  chemical  determinations  have  been 
luade  the  members  of  tho  latite-andosito  se- 
are  all  Intites,  but  it  is  very  possible  that 
they  include  andesites  also.  The  series  covers 
|*y  far  the  greater  part  of  the  range  from  tho 
latitude  of  Mammoth  southward.  The  se- 
qnence  of  eruptions,  which  has  been  studied 
I®  detail  at  only  a  few  places,  is,  so  far  a-s 
*^own,  (1)  lathe  tuff  and  breccia  erupted  from 
•n  explosive  vent  at  tho  west  end  of  Volcano 
idgo,  just  south  of  the  area  shown  in  figure  42; 

latito  erupted  from  tho  same  vent; 
^  taonzonito  porphyry  and  related  biofitc- 
latitc  flows  oruptcii  thi'ough  the  Sunrise 
- 26 
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Peak  neck,  2  miles  northea.st  of  Volcano  Hid?©; 
(4)  augitc-hypnrsthono  latiti'S  that  irtay  ho  re¬ 
lated  to  the  principal  monzonitc  stock  at  Silver- 
City.  Besides  these  Ihei-o  are  in  the  eastern 
part  of  the  i'e.gton  lalitca  elraractorized  bv 
l)rown  homblendo  that  wero  probably  erupted 
from  an  unknown  vent. 

Tho  latito  erupted  fr-om  tho  Suitriso  Peak 
nock  is  tho  most  widespread  rock  in  tho  aroa 
studied.  It  extends  northward  as  fur  as  the 
Iron  Blossom  mines,  en.st  of  Mammoth,  and 
northeastwr^rd  probably  as  fur  a.s  the  ciige  of 
Goshen  Vulloy.  Near  Sunrise  Peak  it  is 
massive  and  is  not  readily  distinguished  fi-om 
the  rock  in  tho  neck.  At  greater  di-stunces 
its  extrusive  character  is  more  marked.  The 
fresh  rock  is  tlark-grecnish  or  brownish  gray, 
weathering  to  rusty  or  to  chalky  wliito.  It 
is  dense  and  porphyritic,  containing  pheno- 
crysts  of  plagioclaso,  biotite,  and  a  muior 
amount  of  augite.  Tho  groundma.s3  in  speci¬ 
mens  taken  from  the  lower  port  of  Sunrise 
Peak  i.s  microscopically  but  completely  crys¬ 
talline,  and  consists  of  plugioelase,  biotite, 
minor  augite,  orthoclase,  (piartz,  and  the 
usual  minor  acco-ssory  minerals.  At  tho  sum¬ 
mit  of  vSunriso  Peak  and  in  the  neighboring 
area  tho  gioundniuss,  a.s  scon  under  the 
raicroscope,  is  gUvssy  and  no  orthoclase  or 
quartz  is  recognized.  Alteration  inincrnls  aro 
tjuartz,  soricitc,  epidoto,  chlorit?',  and  calcite. 

Of  the  latitcs  with  prominent  hyporsthene, 
ono  well  exposed  on  Tintic  Mountain,  tho  high¬ 
est  peak  in  tho  region  and  about  8  miles  south 
of  Mammoth,  is  of  special  interest  os  it  covers 
an  extensive  area  and  represents  tho  latest 
emption  in  the  main  part  of  tho  range.  It  is 
similar  in  rainoralogic  and  chemical  compo¬ 
sition  to  the  monzonitu  stock  at  Silver  City, 
which  is  youngor  than  tho  stocks  from  othor 
known  volcanic  vonts.  It  consists  of  plngio- 
clas<'.,  augite,  hyperstheno,  and  a  littlo  biotite, 
with  microscopic  tnagootito  and  apatito  in  a 
minutely  crystalline  to  glassy  groundma-s-s. 

MOKZOSTTE. 

The  monzonito  forms  a  main  stock  oc-cupying 
a  considerable  area  botwcon  Mammoth  and 
Silver  City  and  a  small  area  aci-oss  tho  gulch 
to  tho  south;  also  a  minor  stock  a  short  dis¬ 
tance  to  tho  northeast  near  the  Carisa  mine. 
St'.vcral  associated  dikes  aro  found  in  tho  neigh¬ 
boring  mines  and  in  tho  limestone  area  east  of 
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thorn.  Tlie  inonxonitR  is  Lntru.«ivc  into  al! 
ot.Iicr  n>ck3  willi  which  it  i.s  in  contact  amJ  v? 
ocononoically  fho  mast  important  igneous  rock 
in  tho  diatrict,  for  it  is  hclievccl  to  mark  tho 
source  of  the  ore  deposits.  Ai’eal  study  shows 
that  nt  the  time  of  the  moozonite  intrusion 
tho  present  surface  around  Mammoth  was 
covered  1))'  2,000  or  2, .500  feet  of  volcanic 
rocks,  which  accoimt  for  the  relatively  cleop- 
soated  character  of  tho  raonzonitc. 

The  rock  whoro  fresh  is  dork  .smoky  gray 
to  purple,  but  where  wealhcred  is  for  the  most 
part  light  gi-ay  or  greenish  gray,  with  brown 
and  pink  variations.  It  is  medium  oven 
grained  to  rather  porphjnitic.  Plagioclase 
aud  augitc  or  hornblende  are  tho  most  con¬ 
spicuous  minerals.  Orthoclase  is  abundant 
but  is  not  readily  identified  without  a  micro¬ 
scope.  Quartz  and  biotito  are  also  conspic¬ 
uous  under  tho  microscope  but  are  only  minor 
constituents.  Most  if  not  all  the  hornblende 
is  soconduiy  after  augito  and  perhaps  hypei'- 
sthono.  Alteration  is  of  tho  same  type  ns  in 
tho  Inlitc-s  but  is  more  intense  near  tho  more 
important  veins. 

Minor  variations  of  the  monzonito  include 
a  highly  quartzoso  phase  developed  around  a 
largo  quartzite  inclusion,  a  small  segregation 
of  nlkalic  granite,  and  a  sycnitic  phase  con¬ 
taining  aegirite-augito  foimd  at  a  dolomite 
contact  near  the  Carisa  mine. 

DA8A.lt. 

Throe  small  bodies,  probably  intrusivoshcots, 
of  olivine  basalt  were  found  during  tho  earlier 
survey  at  House  Butte,  8  miles  south  of 
Mammoth  juid  miles  west  of  Tintic  Moun¬ 
tain.  ‘  Their  geologic  relations  ore  obscured 
by  talus  accumulations,  but  they  luo  boHeved 
to  bo  later  than  the  latitc-andesito  series 
wliich  surrounds  thorn,  anrl  they  may  bo  tho 
youngest  of  all  the  igneous  rocks. 

FAULTS. 

Five  ptU'iods  of  faulting  can  be  distinguished 
in  the  Tintic  district:  (1)  During  tho  folding  of 
the  strata;  (2)  after  folding  but  boforo  volcanic 
activity;  (3)  durmg  volcanic  activity;  (4) 
closely  following  volcanic  activity  but  before 
mineralization;  and  (5)  distinctly  later  than 
mineralization.  These  periods  were  not  all 
sharply  separated  from  ono  another,  and  along 
some  faults  inovoraonts  are  kno^^^l  to  have 
tuk«'n  place  during  more  than  one  of  them. 


In  figure  42  only  the  largest  faults  are  shown. 
.Most  of  them  ti'end  northeast,  northwest,  or 
east.  Smaller  east-west  faults  are  very  abun¬ 
dant.  Several  north-south  faults  are  known  to 
exist  hut  are  not  readily  found  ou  the  surface 
because  they  coincido  with  tho  strike  of  the 
strata. 

Tho  earliest  faults  recognized  are  mostly 
compression  faults  formed  by  the  foldmg 
forces  after  the  shapes  of  the  folds  had  been 
determined.  They  include  local  overthrusts 
and  accessory  cast-west  faults  along  the  east 
boundary  of  the  Tmtic  quartzite  and  most  of 
the  prominent  faults  of  northeastward  and 
northwestward  trends  in  the  limestone  area. 
OI^'ing  to  tho  flexible  character  of  tho  shale  in 
tho  Ophir  formation  few  if  any  of  these  faults 
cross  it.  The  movements  of  bloclcs  along  all 
of  these  faults  appear  to  have  boon  generally 
eastward,  involving  a  considerable  horizontal 
and  some  upward  displacement.  The  largest 
horizontal  displacement  (nearly  2,000  feet) 
is  in  tho  fault  zone  that  obliquely  crosses 
Eureka  Gulch.  North-.south  faults  also  were 
probably  formed  at  this  time  but  are  not 
readily  distingui-shod  on  the  surface.  A  num¬ 
ber  of  east-west  faults  were  also  fonnod,  some 
accessory  to  tho  strong  northeast  and  .south¬ 
west  faults,  othore  more  closely  related  to 
oastwixrd  bulges  along  the  quartzite  contact. 

After  tho  folding  period  the  tendency  of 
the  rocks,  now  relieved  from  compression,  to 
expand,  gradual  loss  of  frictional  heat,  and 
gradual  isostatic  readjustment  all  contributed 
to  tho  development  of  tensional  or  normal 
faulting.  This  faulting  was  chiefly  north- 
south  and  east-west,  and  was  marked  by  the 
settling  of  certain  blocks  and  tho  tilting  and 
couvorgenco,  or  divergence,  of  adjacent  blocks. 
Such  faulting  can  be  proved  only  where  ex¬ 
posures  are  abundant  and  otherwise  fuvorablo 
for  the  detection  of  faults,  but  there  is  no 
reasonable  doubt  that  they  are  prevalent 
throughout  tho  district. 

The  network  of  faults  already  formed,  and 
the  general  sct(  ling  along  tliom,  gave  conditions 
favorable  to  volcanic  eruption.  The  pressure 
forchig  up  the  lava  coliunns,  besides  prying 
apart  the  strata  to  some  extent  just  north  of 
Mammoth  Gulch,  was  sufficient  to  cause  fur¬ 
ther  movement  along  existing  faults,  a.s  web 
as  to  produce  new  faults.  The  principal  fault¬ 
ing  at  this  time  took  place  around  tho  mon¬ 
zonito  stock,  though  faulting  may  also  havn 
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occum-j  in  the  vicinity  of  Pnckiir.l  Pcuk. 
■pjio  principal  direction  ol  displacement  along 
5onie  of  these  faults  was  upward,  as  along  the 
Sioux  Ajax  fault,  whose  total  vertical  dis- 
pliicomont  is  as  much  as  1,500  feet,  although 
part  of  this  may  bo  due  to  movement  at  some 
earlier  period.  Along  other  faults  the  hori¬ 
zontal  component  of  displacement  was  more 
pixinouucod.  To  this  group  belong  the  fault 
fifiiding  north-northeast  through  the  Emorald 
.ind  Grand  Central  mines  and  tho  fault  trend¬ 
ing  northwnnl  through  (he  Opex  mine,  where 
it  is  known  ns  the  "Parting,”  and  the  Centon- 
nifll  Eureka  mine,  whero  it  is  called  tho  ‘East 
Limit.”  Along  both  of  those  faults  tho  east¬ 
ern  wall  moved  northward,  or  away  from  the 
monzonito. 

ITioro  is  evidoneo  that  other  faults,  of 
greater  displacement  than  those  just  men¬ 
tioned,  wore  formoil  by  tho  upward  pressure 
of  the  rising  monzonito  magma  and  were 
largely  obliterated  by  tho  ‘‘sloping”  action  of 
Iho  magma,  which  reducctl  the  fault  bloelrs 
near  the  fault  lines  to  groups  of  largo  inclusions  ' 
in  monzonito.  Available  ovidcnco  at  tho  pres¬ 
ent  siul'nco  indicates  that  tho  monzonito  stock 
made  room  for  itself  principally  by  thrusting 
f.part  and  faulting  away  the  adjacent  rock 
masses  and  to  a  less  though  considerable 
extent  by  ‘ ‘sloping.” 

More  fi.ssuring  or  faulting  took  place  after  tho 
crssatioii  of  volcanic  eimptions,  and  is  present 
both  iu  igneous  and  sedin\oiit.aiy  rocks.  It  is  | 
attributed  in  part  to  ex>ntractioii  of  tho  igneous 
rocks,  especially  the  monzoiiite,  and  to  the  j 
general  eooliirg  of  all  the  rocks  in  the  district,  i 
also  to  further  settling  movements  to  compen- ; 
sate  for  tho  great  amount  of  lav^a  poured  out  I 
upon  the  surface,  as  w'ell  as  to  the  isostatic  read- ' 
justment  that  may  have,  been  going  on  eyer 
since  tho  cessation  of  folding.  No  faults  of 
peat  displacement  are  known  to  have  been 
orraed  nt  this  time.  Tho.  development  of  new, 
“pen  ILssures,  however,  as  well  as  tho  reopening 
“  certaLn  older  faults,  was  a  lai^e  factor  in  I 
Ptcrniiuiag  the  courses  of  the  mineralizing  j 
^  utions,  whoso  period  of  actinty  is  believed  to  i 
*"e  followed  shortly  after  that  of  tho  monzo- 
intrusion. 

period  of  fissiiring  or  faulting  w.as 
^  t  during  which  the  Basin  Ranges  w’ere  devel- 
P“  .  ^  This  period  can  not  bo  sharply  separated 
tuat  ne.xt  preceding  and  is  known  to  be 


40.3 

.‘«till  in^  piogrcas  in  some  parts  of  Utah.  Some 
ot  the  liiitic  ore  bodies  are  cut  by  nostminoral 
h.ssures  or  hreeniatod  by  postm'inVral  move¬ 
ments  along  older  faults,  and  at  a  few  places  ore 
bodies  h.nvo  been  cleniiy  displaced;  hut  at 
none  of  llieso  places  has  the.  amount  of  faulting 
been  great  enough  to  iuterba-o  seriously  with 
tho  following  ore  bodies. 

At  least  Olio  fault  zone  of  the  Basin  Range 
tJTie  is  known  to  exist  in  the,  region.  This 
is  at  the  north  end  of  the  latite-nndositc  riilgc, 
3  to  4  miles  east  of  Mammoth.  Tho  ph3'siog- 
rnph}'  at  a  fow  places  suggests  tho  presenco 
of  other  faults  of  this  ty])e,  especially  along 
tho  range  front  about  5  miles  northwest  of 
Eureka,  hut  all  direct  .structural  evidence 
at  these  jilaces  is  concealed. 

HISTORY  AND  PltODUCTION. 

By  V.  C.  nBiKKs. 

UBTALLUROIO  DEVELOPXZKTS. 

OE.S’ERAL  r-K.lTURKS. 

Owing  to  the  jroor  transportation  facilities 
the  development  of  tire  mines  in  the  Tintic 
district  was  uot  rapid  until  1S78,  when  tho 
railroad  from  S«dt  Luke  City  reached  Ii’ontoii, 
5  miles  from  Eureka.  Flowover,  there  was 
considerable  activit}’"  in  mining  the  richest 
of  tho  ores  near  the  surface  and  shipping 
them  to  San  Francisco,  Cal.,  to  Reno,  Nov., 
to  Baltimore,  Md.,  and  even  to  Swansea, 
Wales.  Later,  most  of  tho  ores  were  shipped 
to  Argo  and  Pueblo,  Colo.,  and  to  the  Salt 
Lake  vidlo\'  smelters.  Tho  lower-grade  ores 
were  treated  at  mills  and  smelter's  in  the  district 
at  first  with  indifl'erent  success,  as  tho  reduc¬ 
tion  processes  wore  not  fully  adapted  to  them. 
Oi’es  taken  from  tiro  immediate  .surface  were 
handled  in  amalgamation  plants,  though  entire 
success  was  jrrovented  h^'  the  abundaneo  of 
antimony  iu  the  ores,  which  caused  tho  iner- 
cui'y  to  flour.  Tliis  was  ovci’come  to  a  largo 
extent  by  roasting  or  ehloindizing. 

SMKLTING. 

A  small  mill  and  a  smelter  were  erected 
simultaneously  in  1871  at  Homans ville,  about 
24  miles  cjist  of  Eureka.  Owing  to  tho  refrac¬ 
tory  nature  of  much  of  the  ore,  milling  was  not 
a  success  and  smelting  was  tried  frequently. 
The  first  smelter,  the  Clarkson,  which  was 
begun  by  the  Utah  Smelting  &  Milling  Co. 
on'june  17,  1871,  turned  out  172  tons  of  .silver- 
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lead  bullion  in  60  clays.  The  ores  smelled 
wero  from  the.  Seelia,  Swansea,  and  Eureka 
mines.  After  producing  several  hundred  tons 
of  lead  bullion,  the  [)lant  was  closed  and  moved 
away  in  IS72.  Other  smelting  fiuniac.es  were 
erected  at  Diamond  ('ity  and  ran  on  ores  from 
the  Showem  mine  and  oilier  ores  obtained  by 
purchase.  Material  l.reated  contained  50  per 
cent  of  lend  and  SSO  in  silver  per  ton.*  Two 
furnaces  were  erccteil  at  (loshcn  in  ^tbe  fall  of 
1S74  and  ran  at  intervals  for  si.v  months,  pro¬ 
ducing  71  carloads  of  bullion  and  one  of  copper 
matte,  but  did  not  pinvo  successful  and  were 
dismantled.  In  1S7.3  the  Muniinoth-Copper- 
opolis  built  ^  a  sraeltiTV  of  two  furnacc-s,  each 
of  12  tons  capacity  [xir  24  honm,  at  Uoscvillo, 
6  miles  from  tho  mine,  and  opemted  it  for  sev¬ 
eral  months,  producing  126  tons  of  black  cop¬ 
per,  containing  90  per  cent  of  copper  and  some 
gold  and  silver,  woilh  in  all  S2!52  per  ton. 
Early  in  18S2  tho  Mammoth  (Crisraon)  Co.,* 
after  some  experimenting,  ejected  two  matting 
furnaces  and  after  te.sting  them  closed  down  its 
27-stump  mil]  ami  built  additional  furnaces. 
Eight,  mill  a  daily  eapucity  of  S  tons  of  ore. 
each,  w'cro  in  operation  in  1882,  converting  .5 
ton.s  of  ore  into  1  ton  of  rriatlo  at  a  cost  of  S12 
per  ton  of  oro.  TIio  number  of  furnaces  was 
increased  to  14  ’  curly  in  1884  and  ti  refinery  had 
nearly  beer,  completed  when  operations  came 
to  a  standstill.  Tlic  company  was  reported  to 
Inivo  been  heavily  in  debt.  In  ihe  early  part 
of  1886  some  calcining  furnaces,  newly  erected, 
were  reported  working  well  on  Munuuotb  ore 
and  wero  shipping  matte  to  .<krgo,  Colo.,  but  in 
Septembor  of  tho  sumo  year,  they  were  pro¬ 
nounced  a  failure.  No  further  smelting  is 
recorded  in  tho  distriiit  until  190S,  when  the 
Tintic  Smelting  Co.  erected  furnaces  at  Silver 
Chty  for  treating  lead  and  copper  ores  from  a 
number  of  the  Knight  mines.  Before  the  clo.se 
of  the  year,  two  lead  furnaces,  of  a  capacity  of 
250  tons  each,  were  operating,  and  a  copper 
furnace  was  about  ready  to  bo  placed  in  oper¬ 
ation.  Two  additional  lead  furnaces,  making 
four  ill  all,  wore  added  in  1909  and  opcnxted 
until  October  of  that  year.  Although  the 
Tintic  Smelliug  Co.  achieved  technologic  suo 
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eess,  the  greater  economy  in  shipping  ores  to 
the  smelters  near  Salt  Lake  led  to  tho  abaa- 
donmont  of  local  smelting. 

MILLINC.'. 

The  first  mill  was  start<»d  at  IlomnnsviUo  for 
the  treatment  of  Eureka  mine,  ores  in  1,872 
u-sing  the  amalgamation  procesi.s.  It  had  u 
capacity  of  about  25  tons  of  ore  per  day  hut 
did  very  little  work.  A  sccotid  mill,  erected  at 
Homau-svillc  by  an  Ohio  corporation  called  the 
Wyoming  Mining  &  Milling  Co.,  startxid  ‘  Jan- 
uoiy,  1S78,  on  ore  from  tho  old  Wyoming  mine,* 
afterward  the  Eagle  (part  of  the  Eagle  anil 
Blue  Boll).  This  mine  proved  a  di.sappoint- 
ment  and  the  company  bought  other  mines, 
among  them  probably  the  Sunbeam,*  and  milled 
much  ore.  The  Wyoming  mill  was  equipped 
with  10  stamps,  4  amalgamating  pans,  and  the 
fu-st  Stetcfeldt  chloridizing  roaster  furnace  of 
.30-tori  capacity  erected  in  Utah.  The  mill  is 
said  to  have  been  the  only  one  at  that  time 
suc.<es.Hful,  a«  all  the  other  miU»  used  free- 
milling  methods  and  failed  on  all  ores  e.vcept 
thasc  from  the  immediato  surface.  Antimony, 
whi<'h  ivas  the  chief  trouble,  woa  ovorconie, 
according  to  Col.  Locke,  by  thorough  ehlonili/.- 
iug  and  driving  off  the  chlonde  by  steam.  Ore 
of  the  class  that  tho  mill  could  treat  was  mined, 
asually  in  small  lots,  by'  li-ssces  and  hanled  to 
tho  plant,  and  wa.s  milled  oidy  when  sufficient 
ore  had  uceumulaf  ed  for  a  run.  The  mill  ran  iu 
this  inte.rnutfent  way  until  1878,  when  it  closed 
because  its  hmgest  shipper,  the  Oismon-Mam- 
raoth  mine,  attempted  to  mill  its  own  ore. 
Between  April  29  and  dune,  1877,  the  Wyoming 
mill  treated  ore  from  the  CrLsmon-Mammolh 
mine  aggiegatirig  1,907  tons  containing  gold 
and  sliver.  Of  f  liLs,  547  tons  assayed  $11.74  in 
gold  and  52.56  ounces  of  silver  per  ton.  Most 
milling  eoinjinniea  did  not  pay  for  gold  previous 
to  1S7G,  and  sia  no  assays  wero  made  by  the 
miners,  except  for  silver,  tho  mill  man  bod  the 
oil  vantage.  It  was  this  that  cnu.scd  tho  mine 
owners  to  attempt  to  mill  thoir  own  ores.  In 
the  spring  of  1874  Col.  Locke  took  charge  of  the 
Wyoming  mill,  and  in  February,  1877,  he  pur¬ 
chased  it.  /Vfterw'ard  it  wa.s  bought  by  the 
Tintic  Mining  &  Milling  Co.,  who  reopened  it 
on  July  14,  1880.  Aitcr  this  tho  chaiges  for 
working  the  ore  wero  S25  per  ton,  guaranteeing 
SO  per  cent  in  bullion  of  the  assay  value  of  1-ho 

I  Prvclauj  n«sla]«:  Tviilli  Census  V,  3.,  vol.  13,  p.  HO,  l.'iS*. 

•Towit,  O.  W.,  Jr.,  and  S.nith,  0.  O.,  U.  3.  Grol.  Suner 
Icunth  ,\nn.  pi.  3,  p.  739,  IS99. 

'SUU'in.  nl  by  Oiil.  l.*cknU>0.  K,  l.ousliHii,  iLiy  20,  IM4. 
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fiJwr  and  also  of  (ho  gold  if  it  oxocecK'd  Sio 
per  ton.  The  product  ‘  of  tliis  mill  while  under 
Col.  Locke’s  management,  from  the  .spring  of 
1S74  to  the  spring  of  1S7S,  wa.s  .?;i0,0.'50  gold 
nnd  $241,112  silver,  recovered  from  .3,261  tons 
of  ore.  In  1881  this  mill  again  begun  opera¬ 
tions  aud  worked  on  custom  ores,  mostly  from 
the  Northern  Spy  ore,  almost  continuously  up 
to  1$S6. 

In  1873  before  purchasing  the  Wyotning  mill 
(he  Tintic  Co.  huilt  the  Miller  null  with  10 
st^imps,  wot  crushing,  for  custom  work,  near 
Diamond.  Leaching*  was  imsuccessfully  at¬ 
tempted  hero  in  the  spring  of  1870.  ITie  Shoe- 
hridi'c  or  Ely  mill,  built  6  miles  south  of 
Diamond  in  1873  for  custom  work,  hiul  15 
i^tmnps  and  1  Aiken  roasting  furniic.e,  ejxd 
nm  irregularly  until  Fobruiuy,  1877,  when  the 
company  failed.*  ITio  Hmit  and  Douglas 
process  wa.s  introduced  in  1876.  The  property 
was  bought  by  S.  P.  Ely  in  1878,  who  ran  it  jls 
a  custom  null  between  October,  1878,  and 
September,  1S79.  'ITie  process  used  at  the ; 
mill  has  been  described  by  Raymond.* 

In  1873  the  Mammoth-Copperopolis  Co.,  at 
about  the  same  time  or  shortly  befoi'e  it  con¬ 
structed  its  smelter,  erected  a  mill  at  Rosevillo, 

6  miles  from  the  mine,*  but  soon  found  that  the 
large  quantity  of  copper  in  the  ore  impeded 
operations  very  much.  The  mill  had  a  capac¬ 
ity  of  224  tons  of  ore  per  24  hours. 

The  Crismon-Mammoth  27-st4unp  mill  was 
built  8  miles  south  of  the  mine  between  De¬ 
cember,  1876,  and  Februaiy,  187!),  smd  was 
clos^  in  1882.  In  1891  a  15-stamp  mill, 
equipped  by  John  Shettle  to  treat  Mammoth 
orM  by  the  lixiviation  process,  was  treating 
“ily  40  tons  assaying  18  ounces  of  silver  per 
ton,  and  15  more. stamps  wore  being  added.* 
mill  was  sold  to  the  Tintic  Milling  Co.  in 
1892,  tmd  worked  Northern  Spy  ore 
^20  in  gold  Jind  silver. 

Between  1886  and  1893  newly  aU  of  the  ' 
^ea  Were  shipping  ores  to  the  smelters,  and  , 
material  not  liigh  enough  in  grade  to  warrant 
ansportation  Wtia  accumulating  on  the  waste  j : 
^ps,  no  Water  being  available  for  milling  ; 
_  •  189.3,  however,  tho  Mammoth  Min-  j 

Consu-f  r.  S.,  TOI,  13,  p.  Isa,  I 


<X  nanm  ami  minlns  tu  Uio  Slnlca  and 
*  Rocky  MouiiuJim  hr  IS7j,  p.  305,  1*77. 

»  «»<1  Min.  JOOT.,  val.  32,  Oct.  .1,  IMl. 


n  ^  ‘I  20-mUe  pipe  line  from 

ClieiTy  Cicek  and  a  pumping  phmt  with  a 
capacity  of  660  gallons  ptT  minute,  the  whole 
1  at  n  reported  cost  of  .$130,000.  During  tho 
>  some  year,  the  construction  of  t(uartz  miUs  was 
rraumed,  and  in  1895  four  pan  amalgamation 
I  phmts  were  operating  in  the  district— Eureka 
*  n  ir  ’^t^nips,  diiiiy  capacity  250  tons; 

HuUion  Beck,  roller  mills  and  oonccmtratinn' 

1  plant,  daily  capacity  200  tons;  Mammoth,  60 
I  stamps,  (laUv  capacity  ISO  tons;  Farrell  or 
•‘^l“™ps,  daily  capacity  60  toms. 
Ihc  Mammot  h  and  the  ForreU  mill.s,  at  Rob¬ 
inson,  operated  very  successfully  on  lower- 
grade  ores,  sliipping  both  bullion  and  concen¬ 
trates.  The  richer  oirs  were  slupped  to  the 
smelters  neiu*  (Ntlt  Lake  City  and  elsewhere. 
Later  the  smcltei's  and  ore  buyers  offered  bet¬ 
ter  prices  iuid  the  r.aih-oads  lower  rates  on 
some  of  the  ores  milled,  making  it  mi  object 
to  sliip  instead  of  mill,  luid  all  the  milling 
plants  were  soon  closed.  In  1899  the  sliip- 
piug  mines  were  the  Mammoth,  Bullion 
Beck,  Centcmiiol  Em-eka,  Grand  Central, 
Gemini,  Eureka  HiH,  Swansea,  South  Swansea, 
Godiva,  Humbug,  Uncle  Sam,  Siou.x,  Sunbeam, 
Ajax,  Star  Consolidated,  Four  .\ces,  Carisa, 
Joe  Bowers,  May  Day,  Northern  Spy,  Eagle, 
Treasure  Hill,  Lower  Mammoth,  Tesora,  Alaska, 
Showers  Consolidated,  Boss  Tweed,  Utah, 
Rabbits  Foot,  luid  Silver  Pork.  Tlio  Tintic 
Iron  mine  shipped  in  1899  nearly  600  cars  of 
iron  ore  to  be  used  as  flu.x. 

In  1905  concentration  mills  were  built  on  tho 
Godiva  and  Uncle  Sam  properties,  using  water 
piped  2  miles  from  Homansville.  The  Uncle 
Sam  mill  was  also  operated  by  the  May  Day  Co. 
some  time  later.  Attempts  made  by  lessees  of 
the  May  Day  property  to  dry  concentrate  the 
carbonate  ore  by  a  process  patented  Dietz 
&  Keedy  resulted  in  a  very  good  gracle  of  ceni- 
site  concentrates.  In  1913  the  old  ore  and 
taiUng  dump  of  the  May  Day  was  treated  in  a 
cyanide  pluntoperatcd  by  lessees.  In  the  later 
part  of  1913  a  mill  was  completed  to  treat  tho 
low-gr.ade  ores  of  the  Knight  mines  (the  Iron 
Blossom,  Colorado,  Beck  Tunnel,  Black  Jack, 
Dragon,  and  Swansea)  by  the  Knight-Cliristen- 
sen  process  of  chloridizing,  roasting,  and  leach¬ 
ing,  which  was  said  to  be  excellently  adapted 
to  a  mixture  of  o.xidized,  sulphide,  and  siliceous 
material  that  could  be  formed  from  the  ores  of 
these  mines.  Before  certain  mechanical  dilE- 
culties  could  be  overcome  tho  plant  was  de¬ 
stroyed  by  fire  on  April  6,  1915. 
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Rcfonstfuction  wofs  begun  on  tlic  site  of  the 
iihnndoned  Tinlic  smeUcr  in  July,  I915,  by  tbe 
Tintic  Milling  C<>.,  newly  orgauized  and  repic- 
senling  a  consolidatiou  of  tho  Ivniglit-Cliristen- 
sen  Motallurgicnl  Co.  iintl  the  Mines  Operating 
Clo.,  which  operated  suceessfuU)'  for  two  yeai's 
at  Park  City,  using  tho  IIolt-L)(a'n  process  of 
roasting.  The  new  mill  is  equipped  with  one 
Christensen  and  three  Ilolt-Dern  roasters  and 
was  in  experimental  operation  in  tho  spring 
of  1916.  Tlie  ores  to  be  treated  contain  from 
4  to  .30  ounces  of  silver  and  O.O-’t  to  0.20 
ounce  of  gold  jwr  ton,  1  to  S  per  cent  of 
lead,  and  a  trace  to  1.7.i  per  cent  of  copper, 
'riie  sulphides  from  tho  Swansea  mine  will  pro¬ 
vide,  with  the  addition  of  powdered  coal,  the 
fuel  nccessaiy  to  the  ore  inLxturo  in  tho  chlori- 
dizing  roast.  BrieQy,  the  piwess  consists  in 
roosting  a  mLvtuie  of  ons,  salt,  and  powdered 
coal;  condensing  tho  acid  roaster  gases  in  salt 
solution;  leacliing  the  roasted  ore  with  this  so¬ 
lution  and  precipitating  the  metals  succes¬ 
sively — gold  and  silver  on  copper  and  copper 
on  lead;  it  is  hoped  to  treat  the  final  lead  solu¬ 
tion  elcctrolytically.*  Testa  were  made  at  the 
Eureka  plantof  thoUtah  Mineral  Concentrating 
Co.,  which  built  a  concentration  plant  of  100 
tons  daily  capacity  in  tho  later  part  of  1914, 
equipped  with  rolls,  tube  mill,  and  Isbell  concen¬ 
trators.  Low-grade  ores  from  various  ports  of 
the  Tintic  distiict,  and  from  the  Chief  mine 
especially,  woro  intended  for  treatment  in  the 
plant.  The  plant  was  closed  in  October,  1916, 
and  was  used  in  1917  ivs  an  experimental  plant 
on  ores  fiom  the  Chief  mines. 

PRODUOTIOM. 

TOT.VL  PHODUCTION. 

The  first  of  the  tables  on  pages  408-409 
shows  the  quantity  and  value,  by  metals,  of 
thoore  sold  or  treated  in  thoTintic  districtfrom 
1869  to  1913,  inclusive.  The  annual  production 
is  shown  beginning  with  1877.  The  second 
table  suinmurizos  tho  production  by  docudea. 

The  tonnage  and  average  metallic  content  of 
each  kind  of  shipping  product  in  tho  Tintic  clis- 
trictfrom  1903  to  1917  is  given  in  the  lableson 
pages  406-410.  The  ore  chussification  is  neces¬ 
sarily  arbitrary  in  part. 

»  Pnwinal  faiten-iew  with  Kr.  Gcorm  IKto,  P**.  a.  for  de¬ 
tail  vticia  sbowtaK  flow  «hcol  of  Knlthl-Christonwa  mill,  wUli 
Ulustiuthmi  «nd  hill  dosctlttUou  of  ptonM,  wo  Xf«.  and  Chain.  Eng. 
p,  757,  Deemubor,  lOH 


nav  OR  siucEous  ore-s. 

The  dry  or  siliceous  ores  comprise  gold  and 
silver  ores  proper,  lluxbig  ores  caiTying  con- 
sidcrablo  quantities  of  iron  and  manganese 
oxides  and  very  small  quantities  of  gold  and 
silver,  and  gold  and  silver  hearing  ores  carridn» 
lead  or  zhic  in  quantities  too  low  to  permit  them 
to  he  classified  as  copper,  lead,  zinc,  or  mixed 
ores.  The  coutributom  of  the  dry  or  siliceous 
ores  for  the  jxM’iod  were  the  Grand  Central, 
Victoria,  Dragon,  Mammoth,  Swansea,  Lower 
Mammoth,  Eagle  and  Blue  Bell,  Eureka  Gty, 
Eureka  Hill,  South  Swansea,  Star  Consoli¬ 
dated,  Black  Jnck,  Cliiet  CousoHdaled,  Hope, 
Garnet,  Cornucopia,  Wmdridge,  Wyoming, 
Beatrice  D.,  Momit  Vernon,  Lou  Blossom, 
Brooklyn,  Monterey,  Gray  Rocks,  Centenninl- 
Eurekn,  Ajax,  Iron  King,  Shoebridge,  Showers, 
Sunbeam,  Victor,  Rabbit  Foot,  Golden  'Freiis- 
me,  and  Tesora  mines. 

The  Mammoth  mine  yielded  the  richest  gold 
ores,  Tho  Dragon  iron  mine  shipped  iron- 
monganeso  ore  for  Ilux  to  tho  end  of  1917.  Its 
output  ranged  from  15,000  to  46,000  tons. 
Tho  low  average  grade  of  this  ore,  estimated 
at  about  40  c.onts  in  gold  and  not  quite  au 
ounce  of  silver  per  ton,  largely  aft’ccts  tho  aver¬ 
age  of  the  ciiide  ore  in  tlie  following  table: 

Dry  or  tilieetrus  ore  end  eoruxntrafce,  ii  ith  average  mctallU 

eon/itU,  /froduecd  in  Tintic  dietrirt  and  flilppedtotmtllert, 

jood-ion. 

Crude  ore. 


Year. 

Quan¬ 

tity 

(short 

tons). 

Gold 

(value 

per 

ton). 

Silver 

(ounces 

por 

ton). 

Cop¬ 

per 

(per 

cent). 

Lead 

(per 

cent). 

Aver¬ 

age 

fiTMB 

vahio 

per 

ton. 

1903 . 

65.  IC7 

811.27 

13.66 

0.  64 

0.29 

920.65 

1904 . 

52,80!) 

9.56 

13.  83 

.  .16 

.61 

18. 51 

1905 . 

38.6.37 

5.62 

10.90 

.49 

1.23 

24. 93 

1906 . 

80, 424 

6.47 

lae? 

,  .31 

.73 

15.76 

1907 . 

34,282 

15. 11 

fi.i>3 

.IS 

.07 

20  19 

IMS . 

2,931 

11,320 

4. 05 

26.  61 

.45 

18.54 

1909 . 

12.85 

23.25 

1.  16 

1.21 

29.00 

1910 . 

66,204 

2.50 

5.69 

.5-1 

.17 

7.(M 

1911 . 

180. 878 

S.  40 

IZ  84 

.89 

.69 

l.i.  M 

1912 . 

193. 0S3 

5.  28 

17.  37 

•  ffi 

.43 

19. 15 

1913 . 

122,087 

3.21 

13.81 

.57 

.35 

13. 69 

1914 . 

87,  18.3 

3.97 

11.27 

1.12 

.38 

13.48 

191.5 . 

43,  6S:l 

2, 77 

21.22 

.76 

1.^4 

17.18 

1916 . 

49,768 

3. 04 

l:t.  7.5 

.96 

.14 

17;  03 

1917 . 

75, 439 

4.99 

i:i.  88 

1.13 

. 

22,91 

Concentrate  A. 


1  190-i 

ROK  tA  no 

70 

e  iR  L. 

...!r25.03 

1  .  - - 
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COPPER  ORKS. 

The  copper  ores  mcludo  ihoso  carrying  over 
2\  per  cent  of  copper.  A  large  conlrihutor  of 
vheso  ores  tho  Conleniiiul-Eiuoka  mine. 
Other  shippers  of  this  kind  of  ore,  named  in 
the  order  of  their  importance,  are.  tho  Carisa, 
Mamaioth,  Victor,  Ajax,  Lueledo.,  Eagle  & 
Blue  Bell,  Opohongu,  Bullock,  Lower  Mam¬ 
moth,  Gold  Chain,  Iron  Blossom,  Dragon, 
Euieka  ILU,  Brooklyn,  Star  Consolidated, 
Minnie  Moore,  Tesora,  Grand  Central,  Iloine- 
sUkc,  Snowflake,  Black  Jack,  Bullion  Beck, 
Showers,  Monterey,  Ai-genta,  Primrose,  West 
Morning  Glory,  Shoebridge,  United  Sunbeam, 
Governor,  Rabbits  Foot,  Neibaur,  and  United 
Tin  tic. 

Copftr  ore,  with  accrage  TPxlallie  forUvnt,  prodnec'!  ui 
ThUic  district  and  sh  ipped  to  mncllers,  I90J-l!/n. 


Year. 

Qiian- 

tity 

(ahort 

tons). 

Gold 

(value 

per 

ton). 

Silver 

(ounces 

per 

ton). 

Cop¬ 

per 

(per 

cent). 

Lead 

(per 

cent). 

Aver¬ 

age 

gro-sa 

value 

per 

ton. 

ISOS . 

S3, 062 

$6.  79 

17.30 

4.  00 

$27.  08 

lilHi . 

116, 838 

7.  78 

13. 24 

3.55 

6.663 

24.64 

Jns . 

160,417 

10  60 

11.95 

.3. 05  - 

.001 

27.  40 

1*08 . 

121,570 

10. 10 

10.85 

2.51 

.028 

27.  21 

19C7 . 

141,399 
111,  194 

10.  38 

13.  52 

2. 47 

29.69 

IMS . 

9.  99 

15. 47 

2.  39 

.530 

24.93 

im . 

119, 480 

8.  71 

12.  12 

2.29 

.640 

21. 51 

1910. . 

87,33^1 

8.25 

9.68 

4.08 

.110 

23.90 

1911 . 

69,  014 
126,079 
146, 991 

6  76 

12.  61 

5.  42 

.240 

26. 20 

1912 . 

4.  67 

10.  99 

3.  69 

.870 

24.39 

1913 . 

4.33 

8.33 

2.44 

.050 

16.96 

I3II . 

61,  377 
110,619 

4.90 

4.92 

10.13 

1.94 

15.67 

1915 . 

7. 66 

1.93 

.009 

15. 66 

1916 . 

115, 043 

3.68 

9.49 

2.  .32 

21.. 31 

1917 . 

96,  844 

2. 63 

8. 74 

3.20 

27.32 

1.EAD  ORES. 

Ill  general  the  crude  lead  ores  and  lead  con- 
ccntratc.3  are  those  containing  over  4t  per  cent 
of  lend.  The  most  pereistent  producers  of  lead 
product  of  shipping  grade  during  the  last  15 
years  were  the  BuUion  Beck,  Eureka  Hill, 
Gemini,  Ijowcr  Mammoth,  May  Day,  Uncle 
Sam,  Yankee,  Eagle  and  Blue  Bell,  Kidge  and 
Valley,  Beck  Tunnel,  Black  Jack,  Mammoth, 
East  Tintic  Development,  Iron  Blossom,  Cen- 
tcnnial-Emcka,  Chief  Consohdated,  Colorado, 
^diva,  Grand  Central,  Sioux,  Eureka  City, 
Clift,  Ajax,  Tebro,  Joe  Bowers,  Martha  Wush- 
Showers,  Victoria,  Frankie,  Laclede, 


Star  Consolidated,  Victor,  Silver  Park,  South 
Swansea,  Slioebridgi*,  North  Clift,  Windridge, 
Utah  Consolidated,  Plutus  Consolidated,  Sal¬ 
vator,  Carisa,  Susan,  Swansea,  Crown  Point, 
Diamond  Queen,  Neihauer,  llragon,  Tintic 
Standiiril,  Gold  Chain,  and  Rabhit.s  Foot. 

Ixiul  (m-  and  fanenilnitfs,  with  a^craae  nutallie  eontnit, 
pro'htced  in  Tintic  district  and  tnipjk'd  to  rmrlitrs, 
m.1-IOt7. 

Crude  ere. 


Year. 

Quantity 

(short 

tODil). 

Crtild  j  Silver  | 
(\aluc‘(ouncts 
per  1  per  | 
ton).  1  ton).  1 

Cop¬ 

per 

(per 

cent). 

1 

Lead 

Iper 

coni). 

.\ver- 

ago 

(.TOPB 

vuluo 

per 

ton. 

1903 . 

36,206 

§1.45 

3:1.28 

0.60 

15.26 

$33.  69 

1904 . 1 

62, 281) 

.89 

25  41 

16  94 

30  76 

1905 . 

53;  .307 

1.82 

2i.6:i 

■  .r.) 

25.50 

41.73 

1906 . 

102,  :i«3 

1.69 

23.38 

.33 

14.  19 

;i.i.03 

1907 . 

DO,  267 

3.0s 

30.64 

.34 

17. 30 

43.01 

1908 . 

1  52,083 

3. 43 

43.80 

.38 

21.02 

46. 06 

1909 . 

12.5, 023 

•1. 22 

37.16 

.07 

21.  60 

42. 31 

1910 . 

113, 071 

3.  31 

27.73 

.41 

12.  74 

30. 66 

1911 . 

92,067 

2.80 

25.  11 

.1.3 

11.11 

26.  42 

1912 . 

92,450 

1  2. 99 

21.22 

.26 

10.  81 

28.  14 

1913 . 

117,  662 

1  3.1G 

24.73 

.30 

10.  72 

28.45 

1914 . ' 

132,  768 

1  2.23  , 

22.95 

.36 

13.  15 

26,37 

1915 . 

116,  647 

'  2.04  1 

22.08 

.11 

13.  66 

26.38 

1916 . 

159, 742 

1.67 

10.53 

.11 

12. 14 

.31,84 

1917 . j 

151,878 

1 

1 

1  20.63 

.12 

11.. 52 

38. 87 

Conccntnitce. 


190.3  .... 

416 

$2  28 

38.69 

10. 86 

$39.  86 

1904 

3, 593 

1. 24 

11.00 

17.00 

22.  23 

190.5  .  . 

1400 

5.96 

20. 03 

20. 10 

37,06 

1900 . 

2;  328 

1.10 

11  21 

3:1. 94 

47. 43 

1907 . 

2, 593 

1. 11 

13.87 

37.76 

44,97 

1908 . 

1,566 

3.  72 

21.88 

.31.63 

41.89 

1909 . 

881 

3.29 

21.90 

30.46 

40  SO 

1910 . 

770 

3. 56 

17.87 

20.  26 

,38.  06 

ion 

571 

2. 46 

15.93 

25.  20 

33.57 

ion  a 

1913 . 

68 

.49 

8. 40 

0.19 

24.03 

27.29 

1914 . 

22 

3. 69 

53.45 

.01 

39.25 

66.36 

101  r* 

155 

27.43 

17.80 

30.  64 

1916 . 

304 

2.50 

24.69 

.19 

36.52 

68.02 

e  Nonr. 


COPPEK-lEAD  ORES. 

Copper-lead  ores  are  classified  after  the 
same  method  ns  copper  and  lead  ores.  Con¬ 
tributors  for  the  last  14  yearn  were  the  United 
Sunbeam,  Undme,  Shoebridge,  Laclede,  Carisa, 
Windridge,  Mammoth,  Opohonga,  Silver 
Queen,  and  Bullock.  The  table  on  page  410 
gives  tho  production  and  ossay  of  tliis  class 
of  ore. 


Year. 


Ore 

fdhort 


Qxumtitu  and  rrdve  of  ore  told  or  treated  in  the  Tintxe  dUlrict,  Juab  and  Utah  cownlia,  tSfi!>-t9t7,  and  rota!  metah  rerovered. 

_ 


Gold. 


Silver. 


Coppwr. 


Lend. 


tousl. 

Fine  ounces. 

Value. 

Fine  ounces. 

Value. 

Pounds. 

Value. 

Peunds. 

Value. 

186.9<]876e 

24, 790. 00 
e  2, 000. 00 
e2, 500.00 
c  2,  500.  00 
‘</4,419.(l0 
e  2, 332. 00 
2, 903. 00 
d  2, 000  00 

?5U.  215 
41,  344 

894,000 
c  150,000 
c  130, 000 
e  2-50  000 

$1, 139. 5S0 
180,000 
149,500 
280,000 
208,  777 
170,  712 
265, 116 
581,416 
687,  305 

2, 568,  226 
313,  200 
<4  111,400 
<4  110,  SOO 
<4  86  000 

$699, 903 

59. 608 
18,  -192 

20.609 
18, 404 
54,  600 
96,608 
46,  511 
21,008 

7. 744, 000 
ee  294,  496 
c  402,  852 
c  1,  206, 466 
c  705,  .534 
e  451,  810 
e«  598, 192 

§549,540 
16.  167 

18  104 

1877 . 

1878 . 

5i;680 
51,680 
9L  340 
48^207 
60,010 
41,344 

1879 . 

SfiS 

1880 . 

df  18i;545 

35,  277 
21,687 
29,311 
38,  700 

1881 . 

«*<  15i;  07.3 

«<300;000 
<4  605,800 
■4  281, 885 
<4  161,600 

1882 . 

«  232,  558 
cp  523,  798 
cj<619. 194 

1883 . 

c  900’,  000 
c  5,  .559,  8.32 

1884 . 

C  48,  914 

1,500.00 

31, 008 

205;  716 

1885 . 

<<868  00 

17, 943 
47,  .5.15 

d  868,  925 
dt  825,  000 

929,  750 
816,  750 

4  198, 000 
tde.  J,  .52.5, 000 

21,  3.S-1 

c  7,  784,  759 

303,006 

274,669 

1886 . 

e  32,  i-13 

d  2,  300. 00 

169!  275 

««  5;  971;  OCR 

1887 . 

e  33, 800 

<<  3.  200.  00 

66, 150 

d  1,412,463 

1,384,214 

<:■<  2. 000, 000 

256, 000 

c  6,  337,  991 

280,  210 

1888 . 

e  25,  660 

<1  7, 110.00 

146.  977 

d  1, 201, 620 

1, 129,  623 

ed  2, 200, 000 
<^d  ,1  870, 000 

369,  600 

c  5,854,261 

257,  587 

1889 . 

c  46,  076 

<i  14,940.00 

308,  837 

d  2,  055,  700 

1, 932,  3.58 

252, 450 

<  9,  978,  559 

389, 164 

1890- .  . . 

e  68, 177 

«  2-1,  633.  00 

509,209 

d  .3,  801,  700 

3,  991,785 

<4  808,  960 

136,  .553 

c  10,  881,  90S 

489,  686 

1891 . 

c  65,  006 

d  19,444.00 

401,  943 

d  2.  901,  730 

2,  872.  713 

rd  688,  000 

88,064 

c  13,  147,615 

565,  349 

1892 . 

e  47,  575 

d  16,  470. 00 

310,  485 

4  2,  0)1,642 

1, 750, 129 

cd  966,  777 

112, 146 

«  9,  431, 527 

.377,  261 

1893 . 

<<  1,5,  097.  00 
<<  18, 066. 00 
d  27,  525.  00 
d  40,  470.  00 
d  37, 038.  00 
c  38, 136.  OO 

312, 083 
373, 457 
568,  992 
836,589 
765, 643 
7.88,  341 
928,  517 

1,  557, 726 

«<  1,  990,  860 
d  2. 582, 033 
d  3,  51V,  166 
d  3,  955,  843 
d  2,  877,  600 
c  3,  389,  507 
c  3,  329,  833 
c  4,  809, 971 
e  2,  6S5,  735 
e  2,  978,  39-1 

1,  552, 871 

<4  320,000 
<4  820, 000 
cd  1,574,000 
<^‘<  3, 005, 000 
e  2,  600, 000 
<<2,073,759 
<<3,441,677 
<<  6, 052, 157 
<<7,'557, 825 
e  6.  271,  921 

34,560 

77,900 

c  7,  063,  209 
c  8,  056,  635 
«  11. 2S.3, 564 
«  13.  217, 833 

261,  339 

1894 . 

1, 626,  681 
2,  286,158 
2,  689,  973 
1, 726,  560 
1, 999,  809 
1,997, 890 
2,  982, 182 
1,611,441 
1,  578, 540 

265. 869 

1895 . 

168,418 
.324.  540 
300,000 
267, 146 

361, 074 

1896 . 

396',  535 
768, 305 

1897 . 

c  21,  .341, 802 

1898 . 

f  29.  060,  8-11 

1, 104.  312 

1899 . 

C  44',  917  00 
‘  7b,  355. 00 

C  40.  159. 00 
«  33,  344. 00 

588.  527 

«  as.  OSO,  904 

1,713,  641 
1,620,985 
1,048,  600 

1900 . 

1, 004, 658 
1, 262,  1.57 
643, 174 

e  36,  840,  .579 
<■  24, 3S8, 133 

X  20, 266, 607 

1901 . 

830;i60 

1902 . 

ei3i,.574 

689;  282 

830, 927 

1903 . 

e  186, 223 

*  65,  987. 00 

1,86-1,  072 

A  3.  620, 362 

1,  954,  995 

A  8, 023, 464 
*  9,  035,  720 

1,099,215 

*  12,481,040 

524,  20-1 

1904 . 

A  262,  680 

A  71,961.00 

1, 487,  558 

*  3, 938,  630 

2, 254,  866 

1, 129,  465 

*  22, 122, 312 

96V,  851 

1905 . 

5  266, 761 

*  100,942.00 

2. 086,  656 

A  2, 951,  348 

2,386,614 

A  10, 932,  751 

1, 713,  309 

*  18,  702,  573 

879,021 

1906 . 

*317,576 

*  93. 126.00 

1,  925, 066 

*  4, 610,  794 

3,089,  2.32 

*7,;321,471 

1,413,014 

*32,022,190 

1,  825,  265 

1907 . 

*278,504 

*  113,  065.44 

2,  337, 270 

*  4,  949,  082 

3,  266,  393 

*7,765,831 

1,5-51,  ICC 
•  753, 427 

*33, 019,2-12 

1,  750,  019 

1908 . 

*260, 104 

*  (13. 248.  68 

1.  307, 464 

*4, 118, 440 

2,  182,  773 

*  5,  707, 786 

*  25.  015,  882 

1,051,927 

1909 . 

*266,678 

*  83, 189. 47 

1.719,  679 

*6,404,  847 

3.  330,  520 

*  5, 91.5, 669 

769, 037 

*  56,  502, 209 

2,  -129,  695 
1.652,352 

1910 . 

*300,  631 

*  68,  289. 22 

1,  370,  320 

*  6,  222, 742 

2, 820,281 

*  8,993, 036 

1, 142,115 

*  37,  553, 445 

1911 . 

*360,  391 

*  79, 015.  64 

1, 633,  396 

*  5,  514,  702 

2,  922,  792 

*  10,  922, 154 

1,  365,  269 

*  2,3,  572,  966 

1, 060,  78-1 

1912 . 

*423, 830 

*  91,  947. 86 

1,  900,  731 

*  7, 073, 104 

4,  349,  959 

A  13,  3.39,  126 

2,  200,  956 

*  24.  356,  041 

1,096,022 

1913 . 

*400,  430 

*  6.8,  327.  87 

1,412,462 

*  5,  829. 48-1 

3,521,008 

*  9,  261, 867 

1, 435, 590 

*26,279,312 

1, 156,  289 

1914..  .. 

*298, 486 

*  46, 139. 60 

953,  790 

4,  666,  944 

2, 580, 820 

*  5, 290,471 

703,  032 

*36,610,911 

1,423,926 

1915 . 

*29.3, 474 

*  -14,  .348. 98 

916,  775 

4, 370,  984 

2,216,089 

A  5,  357,  932 

.937.  638 

*  .32,  657,  018 

1,5:34,880 

1916 . 

*365,949 

*41,382.57 

855,  454 

5, 113,  566 

3, 364,  727 

*  7,  lOG,  646 

1,748,  234 

*  39,  294,  351 

2,  711,311 

1917 . 

*  392, 386 

*42,015.98 

888, 547 

6, 558,  763 

4, 580, 421 

A  9,117,  723 

2,489,1.38 

*  35, 078, 949 

.3,016,789 

Total  ^ . . . 

1 

1 . 

1,  574,  942. 11 

32, 65G.  936 

125. 271,  682 

8.3, 343, 232 

171,493.635 

27, 552, 435 

1  752,049,426 

30,358,411 

Reeoverablo  tine. 


Pounds.  1  Value. 


Total 

value.o 


.b. 

o 

00 


. 1 

. 1 

. I 

1 

1 

. 

. 

. 

a  709,  737 
.3,  596.  511 
758,217 
3,  845,058 
3,711,106 
1,182,  011 

1255.  972 
201,406 
38,  669 
476,  787 
497,  295 
120,  661 

16,  «n,  6.0.3  j],  590,  790  jl 

$2,900,235 
297,010 
237, 776 
401,764 
353,  807 
295,  206 
•151,  Olo 
707,  971 
945,  037 
1,  272,  CS3 
1, 308, 239 
1,  9')1,  574 

1,  903, 687 
2, 882,  809 
6, 126, 238 
3, 928, 069 

2,  5S0, 001 
2, 160,  S53 
2. 343.  907 
3, 381, 6-12 
4, 247. 637 
3. 560,  508 
4, 149,608 
5,  228,  57.5 
7,16.5,551 
4, 752,  44S 
3,711,  932 

4.  942. 486 

5.  S39,  740 
7, 065,  600 
8,  252,  007 
8,  904,  848 
•5.  295,  501 

8,  24.8,  S31 

6,  985, 068 
6,982,  241 

9,  80.8,  610 

7,  726,  755 
5,  700,  837 
<1,082,169 
9, 177,  021 

1 1,  <)75, 556 


ORE  DlirOvSIT.8  Of  UTAH 


«  A  wniM  f>>r  ««>oh  infflMl  mak*  t«i»J  for  anrli  cAj^fHlar  y«nr.  ..... 

*'/o  X>MMUt>«r.  Wmt  Timir  first  attrasitrsl  utt«acion.  and  Uia  ^unbauD  nsuiff  wnn  loeatad.  latvr  bwovific  tha  first  Important  producaT.  with  thakcatta;  tbvn  llta  Kuraka  11111.  Mitmmoili.  5ll«a>otflA. 

MartAa  WmiMi^ton,  iiiaok  JDn^ftat.  iXIaon  and  dvanaaa,  ad  ofiaraiad  bacvaaa  JffTO  aad  la^.  In  1X79  iJaa  MammoAIrt  npprrt^patU  (Aiux>  and  tno  Criamoti  Matninraii  mlttna  wrra  too  pctnctpu^  |stoilucart  ul 

atmiMrlii  (ytab. 

•  T-Ulamua  by  V.  C.  BadiM  from  a  wpanUlon  of  Urn  total  outlM  raporlail  bv  tlw  Dlraetor  of  Uia  Blat,  or  sl''W  lo  annual  nivloars  of  the  Sail  Lako  Tribune  and  tl.  S.  Oao).  Survey  Mlnaral  Iletoufoea  lor 
1BS3  to  107.  fart*  of  tba  raeorda  wf  aana  early  pruduceni  n’oro  ui>cd  In  tM  aatlmaUn. 

a  EiUmatod  by  O.  W.  Toaar  and  O,  O.  Smith,  wbocave  tabla  and  mmarfca  on  produetlan  for  UtO  to  mS  (U.  B.  Gaol.  Survey  Ntnalnenth  .^nn.  Kept  .,  pt.  3,  jip  013-«1(,  IttP);  “It  ia  Uirufht  the nroducUon 
oTidliirraiidcild  prerioiu  laJSffidId  not oioeed 8%oao,OfXi.  From  tXWIo  IBDd.inclaaiva, Uia produotioo l<l$old  bnsVxmi  Xl.dS7  oitncna uad la idlver  StsjbK.ivi  ounm.  InMdUion  to  Uwailveraod  tiM,  linije 
haa  pmdueeir a  iaiye  amoiiat  o(  lead  and  cop^.  The  onlir  metliod  of  oal'-tiiatun  of  the  load  and  cop{m[  it  by  UudinK  the  raUO  of  copfirr  to  aitlior  C'lM  or  Mlvar.  Aa  ailver  la  nore  uiiUurialv  dLautbiitetTln  ttir  oroo 
ibaa  fcolB,  Uiix  motel  hex  bean  cboea.y  u  tha  D.ul.a  of  alcuFalion.  Tho  fkvempe  oonunt  of  capper  and  lead  lu  310,000  tana  fif  orea  waa  u.S  per  c«nt  and  !3.5  par  cant  rerpectiroly.  Tli«  utm  wtilrh  luve  lurnldird  tlio 
bail*  of  this  mlaili lion  era  (tia  rtpoated  output  of  about  twn-thirda  of  tba  nunaa  of  thn  dlatnci.  Tbacooleiil  of  sUvw  or  iImm  Niidc  orea  avyrua  33.V)  cruicea  n-r  um.  On  thlaba-ii  theraare  2n  (lOunda  ol  A>iiut.'r 
to  every  (I7A  aunom  nf  silver  and  30  pounda  of  lead  U>  »vrry  3.S  o-jnces  Of  Silrer.  AppIytoR  Ibaea  ratlfd  to  lha  total  pr ''•Juorlon  of  tba  camp  It  Is  abmni  that  there  tbould  bava  b««n  pp^iio^  0,170,001  pounds  of 
capper  Bod  74,40*  tofLiof  lead  for  tlioynirs  from  MiSO  to  ISO*,  Inclusive,  thus  roughly  wtlmauid.  ThaMcalculattanK,  however,  judri'd  Irom  other  standpou  its,  seam  to  bo  auinewbiu  Icnv  (rv  enpper  und  hlrh  lor  1^." 

eln  11177  the  Eureka  mil  mine  eommanoed  to  produce  xUvar-laad  boavlly;  In  ISiatba  Bullion  Bdek  and  Champion  a  sliver-lead  producor;  and  In  tb«  Ccniannii^Eureka  mine,  allboi^nai  a  larve 

producer  ol  lead,  neMad  larnly  guld,  silver,  and  ctopar. 

/  Eieures  otvmiajlv  3,013  punons  of  Kold  and  >,*'<3  oiinoaa  of  silver,  oorracted  from  Tenth  Coiisus  17.  B. .  vol.  13,  p.  311, 18SS. 

r  Tower  and  BmlUi  ftr,  fl  Gaol.  Burvey  Nineteenth  Ann.  Kept  ,  pt.  3,  p-  615,  IWP)  rt-.e,  UtO  to  Ug!i,*$3  ounens;  18S1,  105,351  ouncot;  l.svl,  221,800  ouncot;  I6SI,  012, 1»4  ounce.v.  These  Ocurfishavc  beeu  cor- 
noted  from  produean'  loporfs,  the  Eureka  Bill  being  the  Inrgrst  produoar  for  the  yean  pvan. 

4  U.  6.  Oeol.  Survey  Mineral  Kaaources,  lisa  to  ni7. 

f  Those  totals  ate  for  nuna  output  and  ^roguta  more  than  If  smelters’  and  refiners'  llguros  were  used. 


Metalu  produced  in  Tintic  dislrir-t ,  Juab  and  VUih  countia,  3S0'J-J9J7,  by  ptTicxis. 


Period. 

Gold. 

Silver. 

Copper. 

Lead. 

liocovcrahle  y.iuc. 

1  Total  value. 

Fine  ounccii. 

Value. 

Fine  ountx*. 

Value. 

Pounds. 

Value. 

Pounds. 

Value. 

Pouud*. 

Value. 

1869-1 SSO . 

1881  1890 . 

1891-1900 . 

1901-1910 . 

1911-1917 . 

3G,  119. 00 
61,786.00 
332,518.  00 
731,310.71 
dl3, 178.-10 

$747, 268 
1, ’277,  230 
6,  Sri,  756 
16,117,527 
8,541,  )&6 

1,605,545 
11,692,  031 
SI,  366, 185 
41, 480,  371 
38,127, 547 

$1,  957, 857 
11,888, 929 
21,  484,  966 
21, 475,  664 
23,  535,  816 

3. 179,628 
9, 911,245 
21,441,370 
76, 565, 474 
60. 305, 918 

$816,916 
1,422,994 
2, 055, 959 
11,470,  109 
10,  880, 167 

10,  353, 37.8 
54, 318, 428 
1.87, 624. 639 
282, 103, 5.33 
217, 749, 548 

$668,553 
2, 295, 336 
7,434,670 
12, 959, 851 
12,000.001 

. 

16,803,663 

1,500,790 

•’H,  J90,5!M 
16, 8.84, 489 
38, 749,  .851 
64, 029, 161 
66,  .518, 21 9 

1,571,912.11 

32, 550, 936 

125, 271, 682 

8.3, 343, 232 

171,  493,  630 

27, 552, 436 

762,040,426 

.36, 368, 411 

10, 803, 653 

1,600, 700 

180,401,80-1 

E.'IST  TINTIC  .^[OlINTAr^:s. 
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Coppcr-lfod  «r.  m:rragf  I 

Tinlic  i^Mlrirt  onrf  tAtp/vrf  fo  tnulUn,  tSOS  1917. 


Yciir. 

Qiiac- 

tily 

(Bliort 

tons). 

Gntd 

(valuo 

per 

ton). 

Silver 

founci.-!' 

por 

ton). 

f'oppi-r 

fp<T 

cent). 

Lead 

(per 

cent). 

Aver- 

oco 

value 

per 

t>n. 

190.3 . 

3.98 

$1  84 

‘18.31 

14.53 

10.03 

SS1.21 

1904 . 

128 

1.13 

11. 63 

2.87 

2.  59 

19. 14 

1900 . 

485 

1.  19 

27.11 

3.82 

15.  M 

52.90 

1907 . 

330 

1.09 

.33. 18 

3.84 

e.oi 

in.  07 

1908 . 

24 

.92 

37.79 

3.81 

24.60 

5).  79 

1900 . 

40 

..59 

27.20 

3.75 

5. 39 

29  15 

1910 . 

42 

1  26 

10.24 

7.61 

16.14 

43.  t>4 

1911 . 

56 

6. 70 

16.87 

6. 11 

13.68 

39. 12 

1912 . 

472 

2.63 

128.11 

3. 49 

8.13 

100.  IS 

1913 . 

43 

1.67 

32. 60 

3.28 

19.22 

47. 40 

1911 . 

180 

.73 

15.97 

2.90 

9.88 

2.5.  J4 

1915 . 

72 

.53 

27.21 

3.80 

8. 98 

.36.29 

1910 . 

79 

3.44 

62.63 

3.44 

11.39 

70.63 

1917 . 

3 

2.67 

.38.33 

2.85 

13.03 

73.  .33 

■/.ISC  ORF.a. 

Tlio  zine  ores  are  those  cont  aining  25  per  cent 
or  more  of  zinc,  irrespective  of  precious-metal 
content.  jUI  the  ore  mined  is  a  mixture  of 
carbonate  and  sUiente  of  zinc  ore.  Shippers  of 
tliis  class  of  ore  from  1912  to  1917  were  the 
Lower  Mammoth,  Uncle  Sam,  East  Tintic 
Development,  May  Day,  Gemini,  Godiva,  Ridge 
and  Volley,  Yankee,  Chief  Consolidated,  Bullion 
Beck,  Iron  Blossom,  Colorado,  Sioux,  and 
Empire. 


Zinc  ore,  with  mcra^c  vulolUe  conlcnl,  jrrotiuced  in  Tintic 
ditirict  and  iltipped  to  tntdlcra,  WhS-lHiT. 


Year. 

Quan¬ 

tity 

(short 

tons), 

Gold 

(valuo 

per 

tou). 

Silver 

(ouDcex 

per 

ton). 

Lend 

(per 

coot). 

Re¬ 

cover- 

ablo 

zinc 

(per 

cent). 

Aver- 

age 

greea 

valuo 

por 

ton. 

1912 . 

6,300 
6,206 
1, 064 
7,  029 
7,318 
I,SS3 

$0.33 

I.3G 

1.91 

20.41 
27.91 
27.67 
27.35 
26.02 
29. 12 

M3. 47 
31.26 
28.11 
68.63 
67.  37 
59.41 

1913 . 

1914 . 

1915 . 

.08 

.21 

1916 . 

1917.; . 

I.KAD-ZISC  OKE8, 

Most  load-zinc  ores  are  purchased  by  manu¬ 
facturers  of  pigment.  In  191.3,  however,  it 
was  purchased  by  producers  of  spelter,  some 
of  whom  save  the  residues  for  their  gold,  silver, 
and  lend  content.  In  191.3  the  May  Day,  East 
Tintic  Development,  Tintic  Standard,  and  Uncle 
Sam  mines  chipped  an  aggregate  of  192  tons 


of  ore,  yielding  9.4.5  per  cent  lead  and  23.29  per 
cent  rcoovernblo  zinc,  the  whole  valued  at 
S.34.40  jx?!-  ton.  'I’he  Chief,  Ridge  and  Valley, 
and  Showoi-s  mines  wore  producers  in  1914, 
19in,  and  1917. 

ORE  DEPO.SIT.S. 

DISTRIBUTIOK. 

The  ore  deposits  of  tho  Tintic  district  are 
found  in  only  a  small  port  of  the  Tintic  Range, 
the  extensive  areas  of  rhyolite  and  latito  or 
andesite  l)eing  for  the  most  part  barren.  The 
district  proper  lies  mainly  on  the  w  estern  slope, 
measuring  about  4  miles  from  north  to  south — 
from  Silver  City  to  a  point  north  of  Eureka — 
and  2  miles  from  east  to  west.  (.See  fig.  42, 
p.  397.)  Some  outlying  areas,  however,  contain 
deposits  of  greater  or  less  value.  On  the  south, 
prospects  are  found  from  Silver  City  to 
Diamond;  on  tho  cast,  about  2  miles  from  the 
divide,  are  the  deposits  of  the  East  Tintic 
district;  on  the  nortli  about  9  miles  from 
Eureka  are  tho  Scranton  mines  of  the  North 
Tintic  district. 

The  general  mineralization  reaches  its  maxi¬ 
mum  east  of  Silver  City,  in  an  area  of  monzonite 
li  miles  long  and  I  mile  wdde;  but  few  mines 
in  this  vicinity  have  yielded  a  great  production. 
The  monzonite  and  adjacent  parts  of  the  other 
volcanic  rocks  are  extensively  altered  and 
impregnated  with  pyrite  and  are  traversed  by 
many  fissure  veins,  with  a  general  northeast 
trend  and  steep  dip,  some  of  which  have  yielded 
considerable  oxidized  ore.  Among  the  mines 
on  these  veins  are  the  Undine,  Sunbeam,  Martha 
Washington,  Murray  Hill,  Silver  Bow,  Swansea, 
and  others,  the  Swansea  vein  cutting  the  in¬ 
trusive  Swansea  rhyolite  near  the  monzonite 
contact.  No  distinct  boundary  separates  the 
monzonite  from  the  altered  latite  porphyry 
(in  part  at  least  extrusive)  on  tho  east,  and  the 
veins  cut  both  formations.  Very  little  work 
has  been  done  on  these  deposits  for  20  years, 
most  of  it  having  been  stopped  when  large 
quantities  of  water  were  encountered  100  to 
400  feet  below  the  surface.  The  Swansea  is 
the  only  mine  that  has  been  worked  below 
water  level. 

The  sedimentary  rocks  north  of  the  mon- 
zonite  are  not  broadly  minendized,  but  they 
contain  a  number  of  vein  zones  along  whicB 
the  limestone  and  dolomite  are  silicified  over 
wddths  ranging  from  a  few  to  300  feet.  Ore 
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outcrops  iti  places  but  is  neither  continuous  j 
nor  common  iind  is  chiefly  confined  to  the 
southern  part  of  the  limestone  urea. 

Four  vein  /.ones  of  northwurd  trend  have 
vielded  tho  hulk  of  the  districl's  production. 
Xu  hut  one  are  in  lino  with  the  main  zone 
of  tho  monzouite,  hut  it  is  impossible  to  trace 
tny  of  them  across  the  contact  at  the  surface. 
The  Gemuii  zone,  tho  westernmost,  comprises, 
from  north  to  south,  the  Ridge  and  Valley, 
Gemini,  Bullion-Beck,  Eureka  IliU,  and  Cen- 
(2unial  mines.  The  Mammoth  zone,  adjoining 
the  Gemini  on  the  oast,  comprises  the  Chief, 
Eagle  and  Blue  Bell,  tlrand  Central,  Mam¬ 
moth,  Golden  Chain,  Opohonga,  Lower  Mam¬ 
moth,  and  Black  Jack  mines.  The  Godiva 
zoue,  next  in  ordoi>  comprises  the  Godiva, 
Uncle  Sam,  May  Day,  Humbug,  Utah, 
Northern  Spy,  Carisa,  Red  Rose,  and  North 
Star  mines.  Finally,  the  Iron  Blossom  zone, 
tho  easternmost,  cotuprises  the  Beck  tunnel, 
Colorado,  Sioux,  Iron  Blossom,  Governor,  and 
Dragon  mines. 

The  Gemini  zone  does  not  cross  the  lime¬ 
stone  monzooite  contact  but  is  closely  con¬ 
nected  with  the  second  zone  in  the  lower 
workings  of  the  Centennial  Eureka  and 
Grand  Central  mines.  In  the  upper  levels  of 
Centennial  Eureka  and  in  the  mines  to  the 
north  the  ore  follows  north-south  fissures. 
In  the  lower  levels  of  the  Centennial  Eureka 
it  extends  along  the  strong  southwnrd-dipping 
cross  breaks  to  a  depth  of  about  2,000  feet. 
South  of  these  cross  breaks  extensive  prospect¬ 
ing  hns  failed  to  find  ore  in  line  with  the  Gemini 
zone. 

The  second  or  Mammoth  zone  has  been 
proved  to  cross  the  monzonite  contact  without 
interruption  in  the  Lower  Mammoth  mine  at 
depths  of  1,700  and  1,800  feet.  A  little 
farther  north  it  follows  a  series  of  northerly 
and  north-northeast  fissures  through  the  Golden 
Caain,  Ajax,  and  Mammoth  properties.  A 
lateral  fissure  zone  a  little  to  the  w’est  carries 
the  ore  on  northerly  fractures  through  the 
Grand  Central,  Victoria,  Eagle  and  Bluebell, 
and  Chief  mines.  A  w'est-dipping  fiasui*e  in 
the  Grand  Ck'ntral  carries  the  ore  down  to  a 

epth  of  2,000  feet,  whence  it  connects  through 
the  lower  workings  of  the  Centennial  Eureka  1 
'^th  the  ore  of  the  first  zone.  ' 

The  third  and  fourth  zones,  wliich  are  j 
t'oughl)'  parallel,  lie  east  of  the  divide,  about  a  I 
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mile  east  of  the  second  zone.  The  tliird  zone 
cr^os  the  monzonite  contact,  without  con¬ 
spicuous  outcrops,  1,500  feet  southwest  of  the 
North  Star  mine,  and  extends  northeast wnrd 
to  the  Northern  Spy  mine,  where  it  turns 
northward  and  bus  been  follo\Ycd  to  a  point  in 
the  Go<liva  mine  where  llio  barren  rhyolite 
overlio.s  the  limestone.  Tho  fourth  zone  cro.sscs 
the  monzouite  contact  at  the  Dragon  mine, 
also  without  conspicuous  outcrops,  nnd  ex¬ 
tends  northeastward  to  the  Iron  Bloasora  No. 
3  mine,  where  it  turns  northward,  losing  its 
veinlike  character,  and  continues  along  tho 
Coloindo  chumiel,  a  flat  replacement  body  evi¬ 
dently  formed  at  the  intersection  of  north- 
south  fractures  with  a  limestone  bed  particu¬ 
larly  su-sccptiblo  to  replacement.  In  the  Beck 
tunnel  No.  2  workings,  tlie  northward  course 
of  the  fourth  zone  ends  abruptly  and  tho  ore  is 
deflected  westward  along  cross  breaks  into  the 
Uncle  Sam  (Humbug)  mine,  where  it  joins 
the  third  or  Godiva  zone. 

RELATIOrr  TO  riSSUKXS. 

The  fissures  in  the  igneous  rocks  in  general 
trend  N.  15®-35®  E.  Less  commonly  they 
trend  N.  70®  E.,  or,  us  the  Sw'ansea  vein,  a 
little  wrest  of  north.  The  dip  is  commonly 
75°-80°  W.  Few  veins  ore  traceable  for  more 
than  half  a  mile. 

The  fractures  in  mo  sedimentary  rotrks  (see 
p.  402)  oi'e  many  and  complex  and  are  prasent 
in  all  pai'ts  of  the  area  irrespective  of  mineral¬ 
ization.  They  were,  however,  formed  mostly 
before  mineralization,  and  many  of  them  ante¬ 
date  the  volcanic  period.  Some  of  tho  largest 
faults — for  instance,  the  great  faults  in  Eureka 
Gulch  and  some  of  those  in  tho  east-west  ridge 
to  the  south — had  so  healed  at  the  time  of 
mineralization  that  they  had  little  or  no  in¬ 
fluence  on  the  course  of  the  ore  solutions. 
On  the  other  hand,  the  Sioux-Ajax  fault,  oast 
of  Mammoth,  had  a  marked  influence  on  the 
deposits  in  the  Hon  Blossom  zone. 

regards  ore  deposition,  the  most  impor¬ 
tant  though  not  the  most  conspicuous  fractures 
are  those  that  trend  approximately  north- 
south  and  that  generally  have  a  vertical  or 
steep  easterly  dip.  In  the  western  zones  they 
nearly  or  quite  coincide  with  the  upturned 
bedding  planes.  They  are  also  abundant 
along  the  eastern  zones,  where  the  strata  dip  at 
lower  angles.  Both  north  and  north-northeast 
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trending  fractures  are  important  in  (he  southern 
part  of  (ho  Mammoth  zone,  the  ore  alternating 
from  one  system  to  the  other.  Last  to  north¬ 
east  fractures  that  dip  .50‘’-70'’  S.  (known  as 
cross  breaks)  arolocoUy  important  and  atscveral 
pliues  form  minoraliw'd  connections  between 
parallel  north-south  oro  bodies.  The  most  con¬ 
spicuous  arc  the  two  heavily  minenilizc<l  fissures 
in  the  Centennial  Eureka  mine,  which  mark  the 
south  end  of  the  Gemini  ore  zone. 

mineralization. 

(IKS'KK.tL  CtI.VK.\('i-Ert. 

The  deposits  of  the  district  may  be  con¬ 
veniently  divided  into  those  in  Igneous  rocks, 
those  in  sedimentary  rocks,  and  a  small  group 
of  oxidized  iron-ore  deposits  at  or  near  the  con¬ 
tact  of  sedimentary  and  igneous  rocks.  Con¬ 
tact  metamorpliism,  indicated  by  alteration  of 
the  lime.stoncs  to  eustatite,  spinel,  and  minor 
amoujits  of  gurnet,  diopsido,  and  wollastonite, 
is  pronounced  along  the  raonzoiiitc-limestone 
contact.  Comparative  study  of  the  original  and 
metamorphosed  limestones  proves  that  silica  and 
probably  aluminawere  the  principal  constituents 
introduced  by  the  intnidingmugma,  thoraotaUif- 
oroiis  emanations  contemporaneous  with  con¬ 
tact  motamorphism  having  probably  largely 
escaped  into  the  porous  volcanic  rooks  that 
then  overlay  much  of  the  mouzonito  area. 
Deposits  in  both  igneous  and  sedimentary  rocks 
are  characterized  by  the  seme  essential  mineral 
composition.  The  principal  gangue  minerals 
are  quartz,  usually  os  fine-gi-oined  jaaperoid, 
and  barite.  Tho  oro  minerals  aro  principally 
gdena  and  enorgito,  small  quantities  of  zinc 
blende,  and  pyrite,  oxide,  caibouate,  or  arsen¬ 
ate  of  bismuth,  and  subordinate  totrahediitc, 
furaatinite,  and  chalcopyrito.  The  metals,  ar¬ 
ranged  in  their  order  of  iraportanco,  are  silver, 
lead,  copper,  gold,  zinc,  bismuth,  areenic,  and 
antimony,  but  the  lust  tliree  aro  of  small  im¬ 
portance  from  an  economic  standpoint. 

DEPOSITS  i.s  inx'Koes  nocKs, 

Veins. — ^Tho  deposits  in  tho  igneous  rocks 
have  been  worked  to  shallow  depths  only,  and 
operations  have  generally  ceased  at  water 
level.  Only  tho  Sw’ansea  tmnu  has  attained  a 
notable  depth,  its  shaft  going  down  940  feet, 
290  feet  below  \vater  level. 

Tlie  veins,  which  are  rarely  more  than  a  few 
feet  wide,  have  been  formed  both  by  filling  and 


replacement,  aud  the  ore  in  somo  places  grades 
into  the  idtered  country  rock.  The  primary 
oro  minerals,  in  order  of  abundance,  are 
pyrite,  galena,  and  enargite,  in  a  gunguo  of 
quartz,  much  of  wliich  Is  well  crystallized, 
barite,  and  a  littlo  microscopic  alunitc.  Little 
is  known  of  the  details  of  the  o.xidation  of  these 
ores,  for  few’  of  them  have  been  worked  in  the 
last  20  yeais.  Limonite  and  lead  carbonate 
are  the  principal  minerals,  and  much  of  the 
oxidized  ore  extracted  wa.s  rich  in  silver.  The 
metals  of  importance  are  silver,  lead,  enpper, 
and  locally  gold.  Silver  is  most  abundaut,  os  a 
rule,  in  the  galena  and  enargite,  but  in  the 
Swansea  mine  enough  of  it  is  said  to  bo  con¬ 
tained  in  the  pyrite  to  make  ore. 

The  important  constitRcnts  of  the  ores  from 
the  mines  in  the  igneous  rocks  range  as  follows: 


Jtcniffe  conUnt  rj cre-t  in  nd.*,  Ttnlic  dislrU-t. 


Gold.... 
Silver. . . 

Copper., 
Lead.... 
Speisv  ' . 
Silica... 
Iron.... 
.Sulphur 
Zinc.... 
Lime.... 


Oaufs  per  tun. 
0.  02-  0. 18 
12.0  -39.9 

Ptrccni. 

0.  26-11. 15 
.  5  -24.  9 
.  -1  -11. 3 
16.0  ^0.4 
9. 1  -3L  0 
12.0  -32.0 
.4-1.1 
.0-  .9 


Altered  wall  rod. — ^'fho  w'all  rock  of  the  veins 
is  characterized  by  propylitic  alteration.  In 
and  close  to  the  ore-booring  veins  it  is  com¬ 
pletely  replaced  b}'  quartz  and  pyrite,  and 
locally  by  barito.  Siericito  is  present,  if  at.all, 
only  in  very  minute  quantity.  This  most  in¬ 
tensely  altert'd  rock  pas.so3  gradually  into 
quartz-sericite-pyrito  rock,  in  which  tho  origi¬ 
nal  porph^Titic  tG.\tnro  is  preserved.  Tliks 
rock,  bleached  wliito  on  the  weathered  surface, 
is  especially  conspicuous  along  the  vein  zone 
that  extends  northeastward  by  tlie  Sunbeam 
and  Martha  Wasliingtou  mines  to  the  Iron 
Blossom  No.  3  mine,  and  is  also  conspicuous  on 
some  of  the  low’  hills  east  of  the  Iron  Blossom 
No.  3  mine.  At  greater  distances  from  the 
principal  vein  zones  this  rock  pusses  into  green 
or  greenish-gray  rock,  in  which  the  original 
minerals  aro  largely  replaced  by  sericite, 
chlorite,  epidote,  culcito,  chalcodonic  quartz  or 

'  in  etuellluc,  coniuins  tb*  arsonio  aud  purl  ol  tb*  siilpWf 

Iron,  and  cop|x*r  o(  Iho  ori^inii]  oro. 
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opal,  and  a  liLlle  pj’riU'.  Tliis  typo  of  ulicra- 
uon  is  very  widespread. 

The  rudicr  eonspieuous  pjTite  in  iho  «|iiart/,- 
scricite-pyrite  rock,  Avliich  ainouius  to  4.  or  5 
per  cent  and  is  iiccompiuiied  by  a  little  eiialco- 
pyrite,  bns  given  rise  to  the  suggestion  that 
tliis  rock  may  be  worked  us  a  low-gr!ido  copper 
ore.  Tests  of  the  pywite  eonccutrute.s,  how¬ 
ever,  show  that  the  amount  of  eojiper  is  j)rob- 
ably  too  small  in  view  of  the  low  topograpliic 
relief  and  the  rather  shallow  ground-water 
level. 

DEl’OSlTS  IN  SKDI.MENTAUY  ROUKS. 

Geiural  fcaturffi. — In  the  sedimentary  roclcs. 
which  are  innuily  dolomite,  hmeatonc,  or  shaly 
liDicstouc,  the  character  of  miuerulizaliou  is 
iliffcrent.  E.vtcnsivo  impregnation  of  pyrite 
and  scricite  is  absent  and  the  ore  zones  arc 
marked  by  strong  silicificiition,  jasperoid  and 
some  hurite  replacing  limestone  or  dolomite. 
The  ju.spcroid  in  some  places  resembles  a  fiuc- 
gmiacd  quartzite,  and  in  othei-s,  in  the  north¬ 
ern  uud  eastern  part  of  the  district,  uasuraos 
a  cherly  or  llinty  appearance.  Its  width 
ranges  from  a  few  feet  to  100  and  rarely’  to  200 
feet.  In  the  ore  shoots  it  contains  finely'  dis¬ 
seminated  galena,  some  zinc  blende  and 
pyrito,  end  in  places  a  lighter  and  more  dis¬ 
tinctly  crystallLno  quartz  and  some  barite. 
Other  ore  shoots  contain,  much  (>nuigile  and 
some  pyrite  and  chnlcopyrite  or  some  fainuti- 
nite  or  tetrahedrite.  Such  copper  shoots 
usually  contain  a  little  lead,  cspccitilly  along 
the  margins,  abundant  barite,  less  conspicuous 
jasperoid,  and,  when  oxidized,  ranch  limonite. 
Hie  lead  shoots  and  copper  shoots  u.sually’ 
^<!cur  separately,  but  mixed  shoots  arc  found, 
lor  instance,  in  the  Eureka  Hill  mine. 

Otuiaiian. — ^Tho  water  level  in  the  .sedi¬ 
mentary  rocks  stands  from  1,650  to  2,400  feet 
below  tho  surfoco,  according  to  the  elevation 
of  the  shaft,  and  broadly  speaking  is  found 
shout  300  foot  above  the  level  of  Utah  Lako, 
an  elevation  of  4,800  feet.  Explorations  in 
oro  below  the  water  level  havo  been  nndor- 
^en  only  in  tho  Gemini  mine. 

Oxidation  has  thus  penetrated  to  unusual 
*^8,hs,  but  in  none  of  the  stopes  seen  in  1011 
1014  is  it  complete,  although  both  galena 
•od  enargite  are  more  abundant  in  tho  lower 
*^vcla  than  near  the  surface.  The  principal 
ation  minerals  foi’med  in  the  lead  and 


jzbe  inines  arc  nnglesite,  cerusite,  plumbo- 
jaiosite,  smillisonite,  calamine,  and  hy'dro- 
;  zincite;  tlioso  fonned  in  the  copper  mines  in- 
I  chide  a  long  sruios  of  copper  ni'scnatcs,  niala- 
clhto  and  u/.urite,  more  rarely  cuprite,  and  native 
I  copper.  Silver  in  the  oxidized  ores  takes  the 
form  of  ccraigyrito  (horn  silver)  oixi  of  native 
mctnl.  Some  rich  oxidized  on's  sliow  native 
gold. 

Most  Tinlic  ores  arc  soft  crumbling  masses 
of  cellular  and  lioney'corabed  uppciU’uncc,  more 
or  less  stuinod  by’  limonite  and  oxidized  copper 
minerals,  and  containing  in  placi.'s  residual 
galena  and  ennigite.  Too  little  work  has  been 
done  in  depth  to  tlu'ow  much  light  on  o.xida- 
lion  processe-s  below  waUir  level.  It  is  certain 
that  a  rich  sulpliido  ore  250  feet  below  wnlor 
level  in  the  Gemini  mine  shows  some  oxidation, 
having  developed  small  cerusito  crystals  pierced 
by  wires  of  native  .silver.  Proustito  and  argeii- 
titc,  found  sparsely  in  .some  mines,  were  prol>- 
ahly  deposited  during  the  general  process  of 
oxidation  in  places  where  the  supply'  of  oxy'gen 
was  scant. 

In  a  largo  part  of  the  upper  zone  not  enough 
oxygen  was  available  for  complete  o.xidalion. 
In  those  places  much  galena  remains  and  much 
of  the  enargitc  ha.s  undergone  partial'  oxida¬ 
tion,  and  high  above  water  level  secondary 
chnlcocitc  and  covellite  have  contemporane¬ 
ously  developed. 

No  positive  conclusions  have  been  reached 
as  to  the  existence  of  sulphide  enrichment 
below  or  at  water  level,  but  such  emiclimeiit 
I  may  account  for  a  very  peculioj'  rich  ore  from 
the  Gemini  mine,  which  contains  galena, 
pearceite,  zinc  blonde,  and  raarcasite.  It 
occurs  from  2.50  feet  above  to  2.50  feet  below 
water  level  and  is  certainly'  later  than  the  first 
mineralization. 

Rehtio)i  of  on  bodies  to  cminiry  rock. — ^'fho 
character  of  tho  ore  bodies  bears  a  marked  re- 
I  lution  to  that  of  tho  country  rock.  None  of  tho 
main  zoms  enter  the  Tintic  quartzite,  the 
Oplur  shale,  or  the  Middle  Cambrian  limestones 
below  the  Cole  Canyon  dolomite.  Depo-sits  in 
these  formations  consist  of  short  quartz  veins 
or  lenses  in  quartzite  and  shale  and  veins  or 
bunches  of  dolomite  and  calcite  in  tho  lime- 
■stones,  none  of  which  are  of  cccinoraic  im¬ 
portance. 

The  main  zones  pass  tlirough  the  inetamor- 
phic  zone  and  through  a  vai-ioty  of  limestones 
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nnti  dolomites.  In  the  region  of  most  intense 
mineralization  ore  has  been  sloped  to  a  minor 
extent  where  the  zone,s  cut  metamorphio  L’me- 
stone  conipo-sed  largely  of  silicates  and  also 
wliere  they  cut  argillaceous  or  shaly  limestone. 
The  larger  ore  bodies,  however,  have  replaced 
limestone  and  dolomite  that  contain  10  per 
cent  or  less  of  insoluble  impunties  where  such 
beds  are  cut  by  mineralized  fissures.  At  several 
place.s  these  ore  bodies  end  abruptly  against 
impure,  dcnsc-textured  bed.s.  The  most  re¬ 
markable  example  of  this  selective  replacement 
is  the  “Colorado  Channel’’  or  Iron  Blossom  ore 
zone,  which  has  replaced  a  single  bed  of  coarse¬ 
grained  limestone  containing  about  9S  per  cent 
calcium  carbonate  ond  1  per  cent  magnesium 
carbonate  for  nearly  a  mile  long  along  a  north- 
south  fissure  zone  that  coincides  in  strike  with 
the  main  synclinal  axis,  and  has  ignored  fine¬ 
grained,  less  pure  beds  above  and  below. 
The  coarse-grained  limestone  was  particularly 
susceptiblo  to  replacement  even  where  the  ore- 
forming  solutions  had  migrated  long  distances 
from  their  source  and  had  been  weakened  by 
decrease  of  temperature,  reaction  with  country 
rock,  and  probably  dilution  with  meteoric 
water.  This  same  type  of  limestone  contains, 
besides' the  “Colorado  Channel,  ”  the  largest  ore 
bodies  in  the  North  Tintic  district  and  in  the 
southern  Wasatch  Mountains. 

HonzoiUfil  variation. — The  deposits  of  the 
Tintic  district  siiow  marked  mineral  variation 
with  distance  from  the  intrusive  monzonite. 
Four  zones  of  distinct  eharacter  may  be  recog¬ 
nized: 

In  the  monzonite,  quartz  in  well-developed 
ciystals  is  accompanied  by  much  pyrite  and 
some  barite,  galena,  enargite,  zinc  blende,  and 
chalcopyrite. 

In  the  sedinientaiy  rocks  for  a  mile  to  IJ 
miles  north  of  the  monzonite  contact  the 
gungue  consists  of  fine-grained  replacement 
quartz  containing  some  small  di-uses  of  well- 
ciystiiUized  quartz  and  much  barite.  Tlio  ores 
contain  much  enargite,  a  little  pyrite,  and  in 
places  tetrahedritc  and  famutinite.  There  are 
a  few  lead  shoots,  and  the  copper  shoots  con¬ 
tain  a  little  lead.  The  ores  also  carry  gold, 
averaging  in  the  better  grades  of  ore  SlO  to  .§20 
ft  ton,  and  some  silver,  probably  averaging  20 
ounces  to  the  ton. 

Farther  north  in  the  same  vein  zones  the 
sedimeuar}'^  rocks  contain  principally  galena 


and  a  little  zinc  blonde  and  pyrite.  The  silver 
content  is  higher  than  farther  south,  averaging 
perhaps  30  to  40  ounces  to  the  ton.  There  is 
practically  no  gold.  The  gangue  minerals 
consist  of  predominant  quartz  in  the  form  of  an 
extremely  finegrained  cherty  replacement  of 
limestone  or  dolomite  and  of  a  moderate 
amount  of  barite.  Few  of  the  quartz  crystals 
in  the  sparse  drusy  cavities  are  more  than  1 
millimeter  in  length.  This  zone  continues,  as 
foi’  as  IcnowTi,  for  1 1  miles  north  of  the  end  of  the 
copper  zone. 

Farther  north  and  east,  beyond  the  lead- 
silver  shoots,  the  mineralization  becomes  more 
feeble,  'flie  gftngue  minerals  consist  of  cnlcite, 
dolomite,  and  a  little  quartz;  the  ore  minerals 
comprise  galena,  zinc  blende,  and  a  few  ounces 
of  silver  to  the  ton. 

Gold  and  copper  seem  thus  to  occur  on  the 
whole  near  the  monzonite,  and  lead,  silver,  and 
zinc  mainlj'  farther  away.  Tliis  arrangement 
may  correspond  to  deposition  in  successively 
cooler  zones  and  to  a  gradual  spreading  of  the 
ore-forming  solutions  northward  until  they 
became  so  mingled  with  suiface  wnitere  that 
their  solvent  power  declined. 

Vcrlical  variation. — li’ar  less  marked  is  the 
variation  in  the  composition  of  the  ore  with 
depth.  The  separation  of  the  ore  into  lead 
and  zinc  shoots  depends  on  the  oxidation,  the 
zinc  migrating  downward  and  replacing  the 
limestone  or  dolomite  wall  rock  and  the  o.xi- 
dizod  lead  ore  forming  without  migration.' 
Lead  and  copper  shoots  may  he  found  in  close 
pro.ximity  in  ft  smgle  mine  in  the  copper  zone 
but  show  no  definite  change  with  depth.  In 
some  mines  which  in  the  upper  levels  carry 
only  lead  copper  begins  to  appear  with  depth. 

OENESIS. 

Tliere  can  be  no  roasonahle  doubt  that  the 
ores  both  in  the  igneous  and  in  the  sedimentery 
rocks  were  derived  from  the'samo  source.  The 
sunilarity  of  the  mineralization,  the  general 
continuity  in  strike,  and  finally  the  actual  trac¬ 
ing  of  one  of  the  normal  veins  across  the  mon- 
zonitc-limestone  contact  are  sulficient  proof. 
Tlie  deposits  were  probably  formed  by  hot 
waters,  chaiged  \rith  igneous  emanationa, 
which  rose  through  fissures  formed  in  tbc 
monzonite  after  its  consolidation.  These 

*  Tlio  iCMunls  of  Ih*  oxiilizMl  »lmi  orci  haa  Iwco  Jc»irtbe<1  In 
I.<Ki(a,llji,  G.  F.,  TIki  osiclJzrJ  »lno  orw  ol  llio  Tintic  dWrW,  V*"- 
Eoon.  Goolo^^,  vt>l.  9,  pp.  l-l*),  lOH. 
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waters  peoiitrn  ted  the  scdinicniary  rocks  north 
of  the  inonzonitc  and  spread,  gradually  cool¬ 
ing  iind  losing  their  power  of  inine.rali/aition. 

The  ora  deposits  were  fornacd  itnniedinU'lv 
after  tlw  close  of  volcanic  acti\ity  at  a  depth 
(if  only  a  few  tlrousund  feet. 

IRON-Oa£  DSPOSITS. 


I  kaolin,  liiuonite,  and  wad.  Tlio  kaolin  itself 
I  Was  in  part  replaced  by  linionito  and  curried 
I  farther,  thus  forming  the  lower  and  lateral  parts 
of  tho  deposit.  Rough  calculation  shows  that 
tho  amount  of  pyritic  porphyry  was  ample  lo 
sup|)ly  the  iron  ore  of  even  tho  large  Dragon 
deposit. 


.Uoug  tho  contact  of  limestone  and  igneous 
rocks  .south  and  southeast  of  Mammoth  them 
is  a  great  deal  of  surface  o.xidation  and  the 
limestone  contains  u-regulnr  bodies  of  limonite, 
kaolin,  and  jasperoid.  Small  deposits  of  this 
tyjHJ  arc  found  near  the  Black  Jack  shaft  and  in 
(he  liiUs  u  mile  east  of  the  Iron  Blossom  zone, 
linf,  tho  hugest  is  that  of  the  Dragon  iron  mine. 

At  the  surface  this  mine  is  in  on  open  cut, 
about  200  by  75  feet  in  area  and  over  200  feet 
deep.  'ITie  oro  body  of  the  pit  is  said  to  end 
just  below  the  300-foot  level.  Small  deposits 
of  tlio  limonite-kaoliu  mixture  are  found  in 
the  same  mine  as  far  down  as  the  800-foot  level. 
Tlio  limestone  porphyry  contact  slopes  south- 
warxl  and  eastward  beneath  the  porphyry,  and 
tlio  Lmonite-kaolin  masses  thus  far  found  arc 
all  m  tho  limestone,  at  or  very  near  tho  con¬ 


tact. 

Tho  great  body  of  iron  oro  occurs  in  irregu¬ 
lar  nearly  vortical  shoots,  whoso  largest  di¬ 
mension  trends  appro.ximalely  oast  or  north. 
Tliey  are  completely  suiToundcd  by  musses  of 
baid  kaolin,  whicli  are  penetrated  along  tho 
margins  by  small  offshoots  of  iron  ore.  Tlie 
ore  is  a  compact  limonite,  with  perhaps  some 
hematite,  containing  55  to  57  per  cent  non  and 
1.5  per  cent  silica.  Much  of  it  conttiins  a  trace 
of  gold  luid  as  much  as  2  oimccs  a  ton  of  siilver. 
Few  copper  stains  have  been  observed.  The 
arsenate  of  iron,  phannacosiderite,  may  be 
^nin  places,  but  the  quantity  is  insigniiicimt. 
elated  masses  of  copper-lc ad-silver  ore  in  a 
qiwtz-barite  gangue,  found  in  the  pit  in  line 
'^th  tho  Dragon  vein,  are  probably  parts  of 
tliia  Vela  that  have  been  lato  surrounded  by 
nioniie.  Parts  of  the  kaolin  masses  close  by 
f''.e  iron  ore  are  stained  black  hv  hydi'ous 
'^a'lganose  oxide. 

genesis  of  those  deposits  is  attributed 
^0  tho  downward  migration  of  aluminum,  iron, 
M  sulphates  leached  from  a  great 

^uc  ncss  of  pyritic  porphyry  tliat  formerly 
o'erl^uv  tho  pi*esent  surface.  Tliose  salts  on 
iig  tho  limestone  replaced  it,  forming 


NORTH  TINTIC  DISTRICT. 

OEOGR.\P>lY. 

Tho  North  Tintic.  dhtrict  includes  all  the 
country  in  the  East  Tintic  Range  north  of  the 
lintic  and  East  Tintic  districts.  The  area 
includes  three  neaily  parallel  ranges,  the  first 
two  forming  forks  of  the  main  range  and  tho 
third  a  branch  connecting  with  the  Lake 
Mountains  to  the  east. 

There  are  no  towns  or  villages  in  (he  district, 
imd  tlie  only  comp  that  has  been  continuously 
occupied  is  that  of  tho  Scranton  mines  hi 
Barlow  Canyon,  one.  of  the  long  transverse 
canyons  that  cut  tho  west  slojoe  of  (he  western 
range.  Water  is  obtained  in  the  western 
part  of  tho  district  by  wells  driven  in  the 
allu\'ium  of  Rash  Valley  west  of  tlie  moun¬ 
tains,  and  in  tho  central  and  eastern  parts 
from  aprhigs  along  tho  edge  of  Cedar  VnUcy, 
which  lies  between  the  middle  range  and  the 
Luke  Mountains. 

The  Bolter  (Boulder)  distri<‘t  Ls  S  miles 
ea-st  of  Lofgieen  station  on  the  Los  .Angeles 
&  Salt  Lake  Railroad,  in  Tooele  County.  It 
is  hero,  however,  regarded  as  part  of  tho  North 
Tintic  district. 


GEOLOGY. 

The  rocks  of  the  district  aro  Paleozoic 
quartzite,  shale,  and  limestone,  overlain  at  a 
few  places  by  small  masses  of  extimsive 
andesite  and  cut  by  a  few  dikes  of  rhyolite 
and  monzonite  poi-phyry.  Their  stratigraphic 
succession  and  structm-al  relations  are  generally 
the  same  a.s  in  the  Tintic  district  proper, 
except  that  a  rather  prominent  quartzite, 
absent  in  the  Tintic  district,  has  been  found 
in  tho  Middle  Cambrian  limestone  near  the 
Hot  Stuff  prospect.  The  western  anil  middle 
ranges  are  paits  of  a  great  anticline  with 
gently  dipping  western  and  steeply  dipping 
eastern  limbs.  Tho  northward-pitching  axis 
of  tho  unticline  extends  along  Broad  Canyon, 
which  separates  the  two  rouges.  The  axis 
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of  fho  syncline,  wliich  is  the  dominant  stinft- 
turul  featui’c  of  the  Tintic  district  proper, 
extends  along  Cednr  Valley,  its  east  limb 
forming  the  eastern  part  of  the  three  ranges 
of  the  North  Tintic  dLstrict.  Owing  to  these 
folds  upper  and  lower  Mississippian  limestones 
form  the  western,  Ordoviciiin  the  central, 
and  Cambrian  the  eusleni  part  of  the  western 
range:  the  same  formations  in  rovoi'se  order 
form  the  middle  range;  and  tlic  MLssissippian, 
underlain  by  150  feet  of  Devonian  shaly 
limestone,  forma  the.  summit  and  central 
part,  of  Pinyon  Peak  (the  only  part  of  tho 
eastern  range  to  bo  cousidered),  and  the 
Ordovician  the  rcraainder,  except  for  a  small 
amount  of  Cumbrian  at  the  east  base. 

The  fissuring  and  faulting  which  chanicterizo 
tlio  Tintic  district  persist  iu  tlie  North  Tintic 
district.  Faults  of  considerable  offset  have 
bcon  noted  but  have  not  been  stuilied  system¬ 
atically.  Prcminoral  faults  of  large  displace¬ 
ment  are  not,  so  far  us  noted,  closely  nssoeiatod 
with  oro  bodies.  One  postmincrul  fault  trends 
northward  tbroiigh  the  Scruntofi  mine  but  luis 
not  been  found  to  displace  oro  bodies  of  any 
importanco.  Tho  most  iirominent  miucralizod 
fissures  trend  north  to  N.  15°  E.,  rarely  east. 


and  arc  associated  with  oblique  br;tncln»  or 
cross  fissures,  also  mincraliml. 

nisTonv  .wn  KHoinrcTiox. 

By  V.  0.  riEiKEs. 

The  North  Tintic  district  is  in  Tooele  and 
partly  in  Juab  County,  in  the  Tintic  Mountains, 
6  to  10  miles  northwest  of  Eui-oka.  The.  pro- 
tlucing  mines  arc  in  Tooele  County.  Ore  ship¬ 
ments  arc  made  from  Delinontc,  a  station  on 
tho  Los  Angeles  &  Salt  Lake  Railroad,  about 
3  miles  wc«t  of  the  mines.  The  name  of  the 
district  was  formerly  OasLs  but  was  changed 
to  Caledonia  in  187.5  and  to  North  Tintic 
in  1879.  The  production  prc^^ou.‘4  to  1902  is 
not  accurutclj'  Icnowu.  However,  the  New 
Bullion  '  proptu’ty,  worked  by  les.oees  about 
1897,  produced  from  surface  ores  .835,000  net 
in  lead  and  silver.  The  largest  producer  of  the 
district  is  tho  Sontnlon  mine,  which  yiclde«l 
oxidized  load  ores  between  1902  and  1905  and 
began  the  shipment  of  oxidized  zinc  niid 
lead-zinc,  ores  In  1906.  The  following  table 
gives  statistics  coUocti'd  by  the  U.  S.  Geological 
Survey  to  the  cud  of  1017: 

>  Rr{»n  olSuvr  lliilUon  SUniogCo.  by  E.  W.  Cbu-kaiid  utbon,Cplilr, 
Uljli.  1«0«. 


yTod\icc>i  in  the  Norik  TiiUir  rhetrid,  t903~1917. 


Year. 

Ore 

(nlicirt 

toiu), 

Gold. 

Fine 

0UUCC9. 

Value. 

1002  . 

352 
437 
ssr. 
2,000 
7,113 
10, 7f.5 
1,  138 
4,0^ 
r.,347 
9,020 
4,970 
918 
212 

3.  58 

174 

. 

1900 _ 

2.75 

67 

1910  . 

1911  . 

1912  . 

I9l:i . 

.21 
1  13 

4 

23 

1914 . 

1915" . 

1916 . 

^051 

4,738 

1917 . 

56.483 

7.  67 

r. 

Silver. 


Fine 

'ouncoe. 


Value. 


Ran 

051, 

711 

6,000 

B,777 

2,531 

2,3.38 

001 

900 

2,000 

7,170 

407 

218 


Copper. 


woiinda. 


1270^ 

353 

424 


3,624 

3,871 

1,673 

1,238 

8J7 

62^ 

1,54^ 

4,4101 

246 

121 


182 


Value. 


$23 


Lead. 


Poueda. 


Value. 


MO.  850;$13 
2.37,482 
310,400 
1, 400,  000 
050, 0(!0 
953,  750 
003,708 
389, 427 
540,069 
2,313,093 
1. 769, 62.3 
123,875 
70, 293 


3,975 
12,074 
13,  580 
05,800; 
64,495 
50,r>49 
27, 870 
10, 745 
24,  1.59 
llO-t,  0S9 
70,  033 
5,5.38 
2,  975 


4I(H 
4,  894 


27« . 

<083 . 


170, 680 
1.091.34ffl 


36.  .VUrt  23, 124 


1S2 


23111,  400.  OSO 


12.  308 
03.  836j 

.'•77,  742 


Recoverable  zinc. 


ToUl 

value. 

Pounds. 

Vahie. 

$11,254 

1 

12,501 

! 

14,004 

69,124 

2. 17Q,  200 
4,  154,988 

$132,748 
24.5,  144 

191, 171 
297,366 
29,114 

1,  si?,  542 

2,  S43. 032 
4,118,414 

SCO,  222 
416,  922 
19,730 

98, 147 
1.53,  524 
234,  750 
80,35.5 
23,348 
1,006 

115,409 

178, 210 
34(^427 
143,39* 
29,132 
4,102 

231,^ 
66, 769 

244674 
164,  MS 

18,792,206 

1. 246.  697 

1.847,744 

“Nooe. 


EAST  TINTIO  MOUNTAINS. 


onE  DEPOSITS. 

WXSTSRN  RAnOE, 

Ore  deposits  iu  tlip  woslciu  rnngo  have  been 
suecesafully  worked  at  two  places,  the  Scran- 
lon  mines  in  Barlow  Canyon,  about  y  miles 
Eorthwest  of  Eureka,  and  the  New  Bullion 
(Bal  Hindi)  mine  in  Minei-s  Canyon,  about  3 
miles  farther  south.  The  ore  bodie.s  of  the 
Scranton  nro  in  coarse-grained  limestone  of 
probable  upper  Mississippian  age,  identical  in 
character  with  that  of  the  Colorado  Channel 
or  north  half  of  the  Iron  Blossom  zone  in  the 
Tintic  district.  Those  of  the  Now  Bullion  are 
at  a  somewhat  lower  horizon,  probably  near 
Ibo  boundary  between  the  Pino  ‘Canyon  limc- 
stono  and  the  underlying  Gardner  dolomite, 
but  the  stratigraphy  in  this  vicinity  has  not 
been  determined  with  certainty. 

These  ore  bodies,  which  have  yielded  oxi¬ 
dized  lead,  lead-zinc,  and  zinc  ores,  are  nil 
formed  along  tho  intersection  of  single  fissures 
or  branching  and  crossing  fissures  with  specially 
replaceable  limestone  bedg.  Most  of  them  vary 
from  small  bunches  to  bedded  replacement  or 
blanket  bodies  of  considerable  extent.  Those 
of  the  Scranton  mines  lie  in  a  nearly  north- 
south  zone,  strongly  indicating  that  the  min- 
crnlizing  solutions  migrated  along  a  pronoimced 
fissure  zone  and  spread  more  or  less  where  in- 
Icisecting  fissures  or  permeable  beds  gave  op¬ 
portunity.  Fractures  in  that  zone  show  pre- 
mineral  di.splacements  of  a  few  feet. 

The  ore  and  gangue  aro  generally  similar  in 
character  to  those  formed  in  the  Tintic  district 
by  the  cooler  parts  of  the  mineralizing  solu¬ 
tions.  The  principal  gangue  along  tho  tnmk 
fwures  is  mostly  dark  cherty  quartz,  and  away 
fnxn  tho  trunk  fissures  dolomite  and  calcitc. 
Only  small  remnants  of  sulphide  ore  remain  in 
the  oxidized  ore,  which  consists  chiefly  of  ccru- 
«it«,  smilhsouite,  and  calamine,  and  which  con¬ 
tains  galena  and  zinc  blonde  but  very  little 
pyrito.  The  abundance  of  iron  oxide  in  the 
however,  shows  either  that  considerable 
p^to  was  present  or  that  tho  blende  con¬ 
tained  considerable  iron. 

The  metal  content  of  tho  oxidized  ore  de¬ 
pends  largely  on  the  thoroughness  of  roploce- 
®enl  of  the  limestone  by  primary  sulphides 
^d  on  the  amoimt  of  zinc  that  migrated  dur- 
oxidation.  Where  replacement  was  cora- 
P®te  the  zinc  was  mostly  removed  from  the 
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^  lead  ore  during  oxidation  and  was  more  or  less 
coricentrated  into  separate  bodies  or  bunches. 
Tills  process  WHS  especially  pronounced  in  the 
southern  part  of  the  Scranton  property,  es¬ 
pecially  in  tliG  Magazine  tunnel,  where  a  large 
body  of  oxidized  zinc  ore  was  mined  at  tho 
down  dip  end  of  a  large  lead  stoj>o.  IVbero 
the  primary  ore  only  impregnated  tho  lime¬ 
stone  and  did  not  wholly  replace  it  the  luire- 
placod  part  precipitated  the  oxidized  zinc  as 
carbonate  and  produced  the  Icad-zinc  or  “oom- 
buiation”  ore  prominent  in  the  northern  part 
of  tho  Scranton  property  ami  in  part  at  least 
of  the  New  Bullion  mine. 

Tho  lead  ores  shipped  have  8.ssayed  0.5  to 
3  ounces  of  silver  to  the  ton,  '21  to  33  per  cent 
lead,  2  to  3  per  cent  zinc,  22  to  32  por  cent 
iron,  and  S  to  24  per  cent  insoluble;  the  zinc 
ores  0.5  oimco  of  silver  to  tho  ton,  0  to  2.5  per 
cent  lead,  32  to  52  per  cent  zinc,  6  per  cent  or 
less  iron,  and  14  per  cent  or  less  insoluble;  tho 
combination  ores  0.5  to  7  ounces  of  silver,  .S  to 
40  per  cent  lead,  14  to  33  per  cent  zinc,  5  to  14 
per  cent  iron,  and  7  to  15  por  cent  insolu¬ 
ble.  The  low  silver  exintent,  averaging  about 
I  ounce  to  the  ton  in  tho  Scranton  mines 
and  about  6  ounces  iu  the  New  Bullion  mine, 
is  characteristic. 

Other  proporties,  prospecting  in  mineralized 
ground  of  the  same  typo  as  that  described,  are 
the  North  Scranton  and  tho  'Tintic  Zinc  Co., 
which  is  located  between  tho  Scranton  and  New 
Bullion  mines. 

MCDDI.E  SANOC. 

Little  or  no  ore  has  been  produced  from  the 
middle  range,  but  several  promising  outcrops 
both  of  siliceous  and  nonsiliceous  ore  have 
been  prospected  to  some  extent.  The  sUiecous 
outcrops  are  prominent  at  the  south  enil  of  the 
range,  north  of  Packard  Peak,  and  are  ap¬ 
proximately  iu  line  with  the  Gemini  ore  zone 
of  the  Tintic  district.  They  exmsist  of  gi-ay 
cherty  quartz  replacing  coarsn-giained  Missis- 
sippian  limestone  of  tho  "Colorado  Channel” 
type.  'The  principal  proapect-s  from  which  any 
data  have  been  obtained  are  theFarrogut  and 
De  Prezin.  .iCssnys  of  material  in  tho  quartz 
replacement  have  .shown  low  viduos  in  gold, 
silver,  and  copper,  and  up  to  1 1  per  cent  lead. 
One  small  shoot  said  to  assay  7  por  cent  bis¬ 
muth  was  found  in  the  De  Prezin  property. 

Nonsiliceous  ores  aro  on  the  east  slope  of  the 
range,  about  7  miles  north  of  Packard  Peak, 
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on  the  Tintic-Huraholilt  property.  The  char¬ 
acter  of  the  ore  and  ganguo  minerals,  so  far  as 
exposed,  and  tho  country  rock,  are  the  samo  o-s 
ut  tho  Scranton  mines  in  tlie  wpstern  range. 


Other  mineralized  outcrops  of  more  or  less 
promise  have  been  prospected,  but  so  far  a,s 
known  no  ore  of  shipping  grade  has  been  found 
in  quantity. 


LEGEND 


FloDKt  U.— Rccauiiaitsanc<.'  nap  ol  lh»  Canyon  Range  showing  geologic  fornjuUons. 


CANYON  RANGE.' 

Ry  G.  F.  l.ouaKUN. 

GEITEBAL  FEATUKES. 

The  Canyon  Range  is  in 
west-central  Utah,  in  line  with 
the  East  Tintio  and  Oquirrh 
ranges  to  the  north.  The  few 
small  inuies  and  prospects  in 
the  range  arc  scattered  along 
theVest  slope  from  Learning- 
ton  north  for  12  to  13  miles  to 
the  hills  south  of  Oak  Creek 
(fig.  43),  in  the  Leamington  or 
Oak  Creek  mining  district. 
Leamington,  on  the  Los 
Angelos  &  Salt  Lake  Raihoad, 
and  Oak  Creok,  reached  hy  a 
1 0-milo  stage  route  from  Leam¬ 
ington,  are  small  agricultural 
towns. 

GEOLOGY. 

The  Canyon  Range  is  com¬ 
posed  almost  entirely  of  sedi¬ 
mentary  rocks — Carboniferous 
limestone  and  quartzite  over- 
lain  unconfomiubly  by  Eocouc 
coiiglorneratc,  but  volcanic 
rocks  have  been  reported  from 
the  extreme  northern  and 
southwestem  parts.  Tlie  vid- 
leys  on  either  side  of  the  range 
are  floored  with  the  Pleisto¬ 
cene  Lake  BonneviUebeds  ami 
locally  w'ith  later  alluvial  de¬ 
posits. 


SEDIMENTARY  ROCK.S. 
CARBOjnFEEO'Oa  JJMZSTOX*. 


EASTtRU  RAXOE. 

nio  only  oro  body  in  tho  eastern  range  from 
w’hich  ore  lias  apparently  been  shipped  is  one 
formerly  worked  in  the  Lelii-Tintic  mine.  The 
ore,  an  oxidized  silver-load  of  good  grade, 
is  said  to  have  followed  a  N.  .50°  E.  fissure, 
probably  inMississippian  limestone, but  to  have 
pinched  out  dowTiivunl.  Later  work  has  con- 
smfed  of  prospect  tunneling  beneath  this  body. 


'I'lie  Carboniferous  limestone  is  tlie  prevailing 
rock  northwest  of  Sevier  Canyon  and 
the  middle  western  slope  of  the  range  south  o 
Sevier  Canyon  as  fur  as  the  south  boundar)  o 

•  Fora  k»5  caoilanW  d>wnpt  Um  of  tho  ecology  of  Ibta  rangf 
Ilo,  0.  F.,  A  iccoiumlsumTi  in  lb*  Canyon  Rnngo, 

U.  s.  0«I.  Survey  Prof.  ISipc*  W,  Jpp.  SI-«.  19D.  ^ 

range  bom  Iho  phyolognipbi'r'sxlnndpoint  is  dlsciwsed  by  ^  romp. 
(The  Wasatch,  C^yon,  and  Hoiiao  rangcar  Horvard  Col).  ■'**• 

Zool.  Dull.,  vol.  49  pp.  IMi). 


CANYON  RANGE. 
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Yellowstone  Canyon.  North  of  Sevier  Canyon 
it  has  generally  low  dips,  ns,sociated  with  gentle 
anticlinal  and  synclinal  flexures,  but  locally 
its  beds  stand  nearly  vertical.  South  of  Sevier 
Canyon  its  dip  rangta  from  steep  \vc.sterly  to 
vertical.  Tlie  limestone  on  both  sides  of  Sevier 
Canyon  dips  beneath  quartzite.  A  smaller 
limestone  area  lies  across  Oak  Creek  in  a 
moncclinc,  which  dips  70°  beneath  the  quai’tz- ! 
ite  on  the  west  aud  is  separated  from  the 
quartzite  on  the  cast  by  a  strike  fault.  Lime¬ 
stone  is  also  said  to  be  exposed  in  the  narrow 
southern  part  of  the  range,  near  Scipio.  A 
lens  of  limestone  in  quartzite  was  noted  on 
tbo  north  siile  of  Fool  Creek,  well  above  the 
main  Umestone  formation. 

The  lithologic  elxaracter  of  the  limestone 
varies  somewhat  in  different  places.  The 
lowest  strata  seen,  about  .3  miles  northwest  of 
Sevier  Canyon,  are  thick  to  rather  tliiu  bedded, 
of  medium  to  dark  gray  color,  and  fine  to  rather 
ccaree  grained  texture.  Fossils  are  fairly 
abundant  in  certain  beds.  At  a  lugher  horizon, 
due  north  of  Parley  station,  which  is  5  miles 
northeast  of  Leamington,  intci*c.alatcd  beds  of 
shale  are  conspicuous.  About  a  mile  north  of 
Parley  station,  on  tho  east  wall  of  a  southward-  i 
sloping  canyon,  a  prominent  bluff  of  vertical 
bmestone  and  chert  pebble  conglomerate  Ues 
in  the  zone  of  these  intercalated  shale  beds. 
Tho  stratigraphic  significance  of  this  cxjnglomer- 
ate  (jan  not  be  determined  without  detailed 
study,  but  from  the  paleontologic  evidence 
it  appears  to  be  a  local  variation  vdlhui  a  single 
limestone  formation. 

The  uppermost  limestone  beds  differ  in 
character.  On  the  west  slope  of  the  range, 
northwest  of  Sevier  Canyon,  they'  are  very 
cherty,  nodules  aud  continuous  bands  of  chert 
corapiTsing  as  much  as  50  per  cent  of  them. 
Perfect  pseudomorphs  of  brachiopod  shells  are 
conspicuous  in  much  of  tho  chert.  Shale  beds 
at  this  place  are  not  conspicuous. 

In  Wood  Canyon  tho  uppiennost  beds  are  of 
light  to  medium  gray  color  aud  are  doloiuitic. 
Many  of  them  are  choi’acterized  by  a  concre¬ 
tionary  or  pisolitic  structure,  the  concretions 
f*iiging  up  to  an  inch  or  mom  in  diameter  and 
offering  greater  resistance  to  weathering  than 
the  matrix.  Above  and  intercalated  with  these 
*trata  ore  beds  of  striped  shaly  limestone, 
•Itornathig  with  shale,  and  these  in  turn  ore  I 


i  overlain  by'  a  bed  of  brown  fernigiuous  quartz¬ 
ite,  which  i.s  overlain  by'  typical  quartzite. 

At  no  place  is  the  entire  tliickncss  of  the 
.  liniestone  exposed.  A  rough  estimate  of  the 
e.xposed  thickness  northwest  of  Sevier  Canyou 
gives  1,700  to  2,000  fwt,  but  the  many  local 
variations  in  strike  and  dip  give  many  chances 
for  error.  The  tliickness  of  tho  bmestone  in 
Yellowstone  Canyou  is  certaiidy  much  greater, 
but  the  entire  exposed  width  was  not  studied, 
and  the  lower  part  of  the  limestone  is  con¬ 
cealed  beneath  thick  bodies  of  Eocene  con¬ 
glomerate.  In  Oak  Creek  canyon  tho  exposed 
thickness  is  at  least  3,500  and  may'  be  over 
4,000  feet. 

Fossils  collected  from  the  upper  cherty  lime¬ 
stone  beds  on  the  west  slope  of  the  range,  2V  to 
3  mites  northeast  of  Leamington  station,  wore 
determined  by  G.  H.  Girty',  of  the  United  States 
Geological  Survey’,  as  follows; 

Crinokl  Btema,  largo  aud'niimcrou.'*. 

Zaphrentis  sp. 

ScbucluTtflla  chemungonfis? 

Sebizophoria  swnllowi? 

Spiriier  ccntroniilua. 

Spiriioi'  ihcerliis? 

SjTingothyrbi  nutori. 

Cliotbyridina  aft  C.  sublamollo<(a. 

Another  lot,  collected  tit  a  horizon  much 
lower  stratigraphically,  in  tho  saddle  between 
the  two  main  ridges  of  the  range,  about  2^ 
miles  north  of  Parley  station,  contains  Spirifer 
centronatus  and  Composila  TiumUis.  Mr.  Girty 
states  that  the  first  lot  “is  clearly  of  lower 
Mississippi  an  or  Madison  facies,”  and  that  th© 
second  lot  “is  less  diagnostic,  since  there  are 
two  Pennsylvanian  species  very  similar  to  the 
only  two  comprised  hi  the  collection;  but  sine© 
the  latter  occurs  below  the  firet  it  must  needs 
be  Madison  also.  ”  Fragments  of  fossils  shniloi- 
to  those  listed  above  were  noted  in  YV.Uowatono 
Canyou  in  the  upper  part  of  the  limestone. 

Tho  fossils  prove  that  tho  upper  1,700  to 
2  000  feet  of  the  limestone  is  of  lower  Missis- 
sippion  or  Madison  age.  Cambrian  fossils 
were  found  by  Burling  in  tho  limestone  area 
near  Scipio,*  and  It  may  be  that  some  of  the  ^ 
bmestone  represents  ages  botweeu  Cambrian 
and  Carboniferous,  n.s  in  the  Tintic  district  to 
tho  north. 


1  Burling,  I..  D.,  in1lU-u  cuamiiiiilciillon. 
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quartzite. 

Tho  quartzite  of  the  Canyon  Range  is  ex-  j 
posed  along  tlio  we.stcra  half  of  Sevier  Canyon  | 
and  extends  continuously  southward  well  bo-] 
yond  Oak  Creek.  South  of  tho  divide  between  ! 
tho  Yellowstone  and  Fool  Creek  cuu3'ons  the 
quartzito  constitutes  tho  summit  and  entire 
western  slope  of  tiio  range,  with  tho  exc.cption 
of  the  faulted  band  of  limestoia^  across  Oak 
Creek. 

Tlio  quartzite  ns  a  rule  is  of  fine  oven  grain 
and  is  nearly  white  to  light  and  dark  brown  or 


south  side  of  Sevier  Canyon,  near  its  mouth, 
whore  it  stands  vertical  in  a  pinched  .synclinal 
trough  of  southwesterly  pitch.  It  wn.s  not 
traced  southward  across  Wood  and  Yellowstone 
canyons  but  is  undoubtedly  present  in  that 
part  of  tlio  range.  South  of  Yellowstone  Can¬ 
yon  tho  red  member  follows  the  west  edge  of 
the  range  almost  as  far  south  as  Fool  Creek. 
1 1  then  swings  southeast,  crossing  the  lower  part 
!  of  Fool  Creek  canyon  and  following  an  imdulat- 
I  ing  coui'sc,  probably  passing  north  and  east  of 
'  Fool  Creek  Peak,  the  highest  peak  of  the  nmge. 


a. 


b 

ApproMi^  .ito 


»  '/i  '0  t  t  Mifeo 

_ I _ I  i - 1 _ _ — I  —  ... 


yiGLiiK  M,— <j«nerallxwl  ■octloa  along  north  (■:)  and  (5)  sldos  at  Fool  Creek  onnyon,  l.Tcriino*  con?iomcr.iio  *(«!  NUWtsUiDfi:  2,  Ci.:- 
boolferoijx  quArUltv;  3,  rod  member  of  Ibe  quaiizUo;  Carboniterotw  llme3toDo;6,  bmb^touo  lanlil  tn  qunrUitc. 


Elevotioo 
reel 


Aperoximate  seal* 


2  Miles 


FiciUP.K  Ccnerallicd  section  along  i;orlh  side  of  Oak  Creek  canyon.  1,  Tertiary  conrlocncrato  and  riodstOQo;  7,  Carbon ilcro'w  qa'xliltc; 

red  mcmlxTof  thoquurtdto;  4^  CubJullcrocA  kcuo^ioDe, 


reddish  bro\ni.  Some  of  its  beds  are  greoniaU. 
Its  general  appearance  is  very  similar  to  that 
of  tho  thick  Cambrian  quartzite  exposed  in  the 
Tintic  district  and  at  several  places  along  the 
Wnsiitch  Range,  thus  accounting  for  the  fact 
that  tho  quartzite  has  heretofore  been  regarded 
us  Cambrian. 

Tho  quartzite  contains  a  conspicuous  and 
persistent  dark-reddish  finely  banded  member, 
400  or  500  feet  thick,  which  is  a  convenient 
horizon  marker  and  indicalor  of  the  geologic 
structure.  (Sec  figs.  44  and  45.)  Tlie  north- 
cvniiiost  exposure  of  this  member  is  on  tho 


(See  fig.  44.)  South  of  Fool  Creek  cau.von  the 
red  member  is  probably  present  in  tho  western 
part  of  the  range  but  was  seen  only  in  the  vieui- 
ity  of  Oak  Creek.  North  of  Oak  Creek  cai)3'oa 
(see  fig.  45)  it  is  again  prominent  along  the  west 
edge  of  tho  range  and  is  exposed  in  a  very 
gentle  anticline  for  a  considerable  distance 
along  both  wads  of  the  canyon  from  near  its 
mouth  to  the  fh-st  north  branch.  Here  a  sud¬ 
den  steepening  of  the  easterly  dip  carries  it 
below  the  surface,  but  it  reappears  alxiut  a 
mile  farther  up  the  can3mn  a  short  distance 
west  of  tho  limestone  band.  It  again  appears 
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in  the  trough  of  a  gentle  syndinc  on  the  nortli 
slope  of  the  cau^'on  near  its  liciul.  It  w  as  not 
followed  south  of  Oak  Creek  canyon. 

A  lens  of  gray  limestone  was  noted  ou  the 
north  side  of  Fool  Creek  canyon,  and  detailed 
study  nuiy  prove  the  presonee  of  othei-s. 

The  entire  thickness  of  the  quartzite  was  at 
no  place  exposed,  owing  to  erosion  of  its  upper 
portion.  On  tlie  north  side  of  Fool  Creek  can¬ 
yon  the  thickness  of  the  exposed  vertical  strata 
of  the  cast  Limb  of  the  close  anticline  appears 
to  be  at  least  .5,000  £cet.  Elsewhere'  the  varia¬ 
tions  in  dip  prevented  a  closer  estimate. 

Xo  fossils  were  found  in  the  quartzite,  but 
its  apparent  conformable  position  above  lime- 
sloQO  of  >fadison  ago  suggests  tliat  its  lower 
part  at  least  is  Mississippian,  though  its  upper 
Mrtniay  be  Pennsylvanian.  A  similar  qnttrtz- 
ila  of  great  thickness,  containing  some  lime¬ 
stone  beds,  fomia  the  greater  part  of  the  West 
Tintic  ^fountains,  the  southern  end  of  which  is 
almost  connected  with  the  northwest  end  of  the 


«nd  ( .\tcuds  soutbwnrd  ,Jong  t!>e  eastern  alot«, 

_uioon  wl.cre  tho  contact  is  well  exposed,  the 
^weuc  beds,  with  a  dip  of  about  10=  ]<].,  „I,„t- 
img  against  a  .sleep  erosion  surface  of  quartzite 

HJak  ttoek  are  almost  completely  reduced  to 

collides,  witli  u  few  remnants  of  consolidated 
congdomernto  The  presence  of  (he  Eoceno 
ma  cnal  ,n  these  deposits  is  pn-sumalily  duo 
t  the  sinking  of  a  block  during  tl.o  faulting 
penod  wben  tne  Da-sin  Kungca  wem  developed  ■ 
As  only  tiio  eroded  westom  edge  of  the 
Loceuc  beds  was  studied,  no  ideji  of  il.s  ihick- 
ues.-,  Was  gained.  Tho  beds  are  tsaignod  to  the 
Eoceno  by  correlation  with  similar  strata  in 
tae  southern  Wasatch  MoimiainK^  nml  in  the 
ranges  immediately  east  of  liic  Canyon  Range.'' 

Quatehnary  deposits. 


canyon  Range;  and  the  wTiter  has  found  ujiper 
.Mississippian  fossils  in  the  limestone  beds. 
Correlation,  therefore,  with  this  quartzite  fixes 
tbo  ago  of  the  quartzdte  of  the  Canyon  Range 
as  upper  Jfississippian. 

EOCEIIi:  CONGLOMERATE. 

Tho  Eocene  conglomerate  is  idmost  wholly 
confined  to  tho  east  half  of  the  range  A  few 
small  outliers  wore  noted  on  the  higher  spurs 
north  of  Fool  Creek,  and  them  approximate  posi¬ 
tions  am  shown  in  figures  44  and  45.  A  con- 
aderahle  area,  in  which  tiie  roclvs  are  very 
pooriy  exposed,  was  tnivci'sed  along  the  low 
fooHiills  north  of  the  town  .of  Oak  Creek. 

In  tile  principal  area  the  Eocene  consists  of 
ght-griiy  and  red  beds  of  conglomerate  and 
^ndstone,  the  conglomerate  pebbles  including 
intone,  quartzite,  and  chert.  The  wost^n 
un  ary’  of  tJie  principal  area  is  exposed  in 
Canyon  near  its  northernmost  point, 
KkJ*  coarso  conglomerate  rests  unconform- 
0  on  quartzite.  On  both  sides  of  the  can¬ 
on  the  boundary  can  easily'  be  sccu  frc>m  n 
col  owing  to  the  marked  contrast  In 
tion*^  ®lwoen  the  younger  and  older  forma- 
j  .  '  ^tith  of  tbo  canyon  the  Eocene  beds 
j,  upturned  lower  ilississippian  llme- 

t>(  tk  form  til©  crest  and  upper  west  slope 
Yell*  along  the  heads  of  Wood  and 

o^stone  canyons,  ^’■orth  of  Fool  Cmek 


Ihe  Quaternary  deposits  indudo  tho  Lake 
BoMovilJe  beds  of  day  and  marl  dejmsited  in 
Pleistocene  time  and  tho  overlying  aUuviaJ  de¬ 
posits  at  the  moutlis  of  tho  canvous.  The 
Lake  BouncvUIe  beds  am  terraced'  by  Sovior 
River  and  are  well  exposed  at  Lemnington  and 
along  tho  sides  of  Sevier  Canyon.^ 

VOLCAXlC  ROCKS. 

No  volcanic  rocks  were  seen  at  close  range. 
I' roiii  a  distance  a  bed  of  dark  cohiniiiar  vol- 
canio  rock  was  seen  overlying  Eocene  bods 
northeast  of  the  canyon.  (See  fig.  44.)  Vol- 
c.Quic  rocks  are  said  to  lio  abundant  in  tho 
extremo  northern  part  of  the  range,  and  |)or- 
ph.yry  dikes  am.  reported  aloti^  Dry  Canyon 
south  of  Oak  Creek.® 

sTHncTiTRr:. 

Tile  Cai'lioniferoiis  rooks  are  characU'.rizcd  by 
a  few  major  folds  with  steep  dips,  by  several 
intervening  minor  folds  wiili  gentle  ^ps,  and 
by  a  prominent  strike  fault,  which  apiioura  to 
be  coincident  with  u  broken  unticlLnc.  Tlie 

iTht'Je  foolhlUt  wflTt  Uol.alvoly  iciwM  bjr  Dnvli  is  ■bo.vin.il 
lundxllfln;  ll«mntCo<l.  .Viis.Cnine.  Zoo),  DuR,  toL  <11,  («ol.  vtr., 
vul.  1,  N’n.  3,  |ip.  2$-M,  I40A 
>  I^iilChU*.  G.  V;  roar.  CIraiegy,  vsl.  31,  p.  MS,  1UI3. 

*  I'.  S.  Gsuig.  Stirvsys  W.  noth  Miir.,  lUbi  h. 

*  Gllbirt,  G,  K.,  Zjiha ItunnsTllIn:  U.  ?.  Ganl.  Kuri«y  I,  pp,  IPI, 

i«,  193, 011.1  r<3.  um, 

1  Orul  lofnniullon  by  JmDcs  Ovtinon,  r  t  l.<'aj)ani;l»n,  rioh. 


422 


ORE  DEPOSITS  OK  UTAH. 


noiTlieruniost  major  fold  is  the  asymmetric  s>n- 
cliiio  of  aoiUhwestcrly  pitch,  whose  a-xial  plaue 
is  nearly  parallel  wath  the  w'estern  half  of  Se^iei 
Canyon.  Its  northwest  limb  dips  25°-40  SE. 
and  becomes  lower  away  from  the  a.xis,  pass¬ 
ing  into  an  area  of  prevailingly  monoclinal 
structure,  though  the  general  low  and  regulai 
inchnatiou  of  the  beds  is  interrupted  by  sev¬ 
eral  inconspicuous  anticlines  and  synclincs. 
Tho  southcii-st  limb  is  nearly  or  quite  vertical 
along  Sevier  Canyon,  but  along  Wood  and 
Yellowstone  canyons  it  dips  about  45°  W. 

In  Fool  Crcc'k  canyon  an  anticline  and  syn- 
chne  with  north-south  axes  ore  exposed,  (See 
fig.  44.)  On  the  north  side  the  details  of  the 
structuro  ore  not  very  clear.  The  moderate 
westerly  chp  of  the  quartzite  changes  eastward 
to  vertical,  which  persists  for  about  14  miles 
aud  then  gradually  changes  to  a  moderate 
westerly  dip,  which  continues  eastward  prob¬ 
ably  to  the  crest  of  the  riinge.  The  only  clue 
to  the  structiu’c  is  g^veii  by  the  red  quartzite 
member,  aided  by  comparison  with  the  simpler 
structure  on  the  south  side  of  the  canyon,  which 
shows  the  strata  to  bo  folded  into  a  close  anti¬ 
cline  of  vertical  dip  and  an  unsvmmetricnl  syn- 
chne  with  vortical  west  hmb  and  moderately 
dipping  east  hmb.  (See  fig.  44.)  Detailed 
•study,  however,  may  show  the  vertical  strata 
to  be  more  compledy  folded.  The  structure 
on  the  south  side  of  tho  enuyon  needs  no 
special  couuneut.  The  lengths  of  these  folds 
are  not  definitely  known,  but  the  anticline 
may  extend  as  far  north  ns  the  rim  of  the 
south  fork  of  Yellowstone  Canyon,  where  the 
uppermost  limestone  beds  stand  nearly  verti¬ 
cal.  That  tho  hmestone  is  probably  not  fiu' 
below  the  surface  where  the  nnticlino  crosses 
Fool  Creek  may  he  iixfened  by  the  proximity  of 
tho  red  member  of  tho  quartzite  to  the  top  of 
the  hnicstono  in  Sevier  and  Oak  Ci  eek  canyons. 

Between  Fool  Creek  and  Oak  Creek  canyon-s 
several  minor  folds  can  he  seen  from  the  west¬ 
ern  foothills.  In  tho  lower  part  of  Oak  Creek 
canyon  n  gentle  anticline  with  limbs  dipping 
about  10°  is  well  exposed.  About  2  miles 
above  the  mouth  this  pa.sses  into  a  synehne, 
both  of  w'hose  limbs  dip  60°  to  70°.  (See  fig. 
45.)  Tlie  west  limb  Is  relatively  small,  but  the 
east  hmb  is  at  least  1\  miles  in  borizontal 
width  and  brings  the  limestone  to  the  surface. 
Tiio  limestone  is  hounded  on  the  east  by  a 
strike  fault,  probably  a  compressiou  fault, 


wiiich  separates  it  from  quartzite  of  gentle 
easterly  dip.  East  of  tho  fault  the  quartzite  is 
folded  into  a  rather  gentle  syncUnc  and  anti¬ 
cline,  the  antichnal  axis  lying  just  east  of  the 
crest  of  the  range. 

The  character  of  the  folds  shows  that  the 
dominant  compressive  force  >Viis  eastward  in 
the  central  uml  southern  parts  of  the  range  and 
north-westward  in  the  northern  part. 

LEAMUtaTON  (OAK  CREEK)  DISTRICT. 

OIIK  DKPOaiTS. 


CHARACTER  AttO  DISTRIBUTION. 

The  Leamington  or  Oak  Creek  district,  which 
extends  along  the  west  slope  of  the  range,  was 
organized  March  11,  1886.  During  1895,  when 
the  second  smelter  was  operated  for  the  treat¬ 
ment  of  ores  of  tho  lbc.\  and  Channed  names 
produced  in  the  Detroit  district,  some  of  the 
lend  ores  from  the  Leamington  district  are  said 
to  have  been  utilized,  but  no  record  of  the 
amount  is  available.  Tho  ^Vhite  Horse  claim 
in  1901  yielded  7  tons  of  silver  ore,  presum¬ 
ably  containing  lead,  hut  no  record  of  the  lead 
was  kept.  The  Yellowstone  claim  from  1003 
to  1906,  inclusive,  shipped  to  the  Salt  Lake 
smelt  CIS  350  tons  of  lead  ore  cnriwung  silver. 


IXAD  AND  ZINC. 


Ydlotvsione  mine. — The  Yellow'stone  mine  Ls 
in  the  south  fork  of  Yellowstone  Canyon,  about 
4  miles  southeast  of  Leamington.  The  work¬ 
ings  include  an  inclined  shaft  200  feet  deep, 
following  the  dip  of  tho  limestone  (about  60° 
W.),  aud  drifts  at  tho  50,  100,  and  170  foot 
levels.  The  ore  forms  small  replacement 
bodies  in  ouo  of  the  limestone  beds  adjacent 
to  fi.ssures.  On  the  50-foot  level  small  bodies 
w’ere  sloped  along  a  north-south  strike  fissure 
and  one  body  whore  the  bed  was  somewhat 
shattered  at  the  intersection  of  the  strike  fis¬ 
sure  and  an  cast-west  cross  fissure.  The  170- 
foot  level  follows  the  contact  betAveen  a  shale 
and  limestone  bed,  along  which  a  zone  of  veui- 
Icts,  consisting  chiefly  of  spar  (dolomite  and 
calcite),  is  said  to  assay  3  to  4  per  cent  lead. 

'fho  ore  stoped  consisted  principally  o 
galena  and  cerusite  (leml  carbonate)  m  a 
gonguo  of  fenuginous  dolomite  and 
spar.  A  little  secondary  aragonite  was  noted 
on  a  crust  of  fibrous  calcite  that  lined  a  pocket 
along  the  strike  fissure  ou  tho  50-foot  lovo. 
As-soys  of  the  ore  have  run  from  30  to  65  per 
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ceat  ‘■1“'  liighcr  grade  ctirryiiig  5  to  6 
ouiicrs  of  silver.  A  little  gold  lia^s  nbjo  bccu 
reported.  Tlio  niiue  has  been  worked  iutcr- 
niittcntly  ami  has  sliipped  oid}'  about  15  enr- 
lunds  of  ore  in  more  than  20  j^ears.  Xo  zinc 
lifls  been  found. 

Arbronlh  mine. — The  Arbroath  shaft  is  about 
na  eigldli  of  a  mile  north  of  the  Yellowstone, 
in  a  Tow'  spur  which  separates  the  south  fork 
fi-oiu  the  uorth  fork  of  Yellowstone  Canyon. 
Tbo  material  on  the  dump  show's  the  minerali- 
zulion  to  be  of  the  same  type  as  that  of  the 
Yellowstone  mine.  'Pirn  ore  found  during 
sssessnicnt  w'ork  i.s  reported  to  be  of  two 
giades,  the  higher  cari-yiug  76  per  cent  lead 
end  9  ounces  of  silver  and  the  lower  10  to  11 
percent  leml  and  1  ounce  of  silver.  Only  a 
small  quantity  of  ore  has  been  found  tlius  far. 

Woijd  Canyon  rjroup. — ^llio  Wood  Canyon 
group  of  clauns  is  on  the  north  side  of  Wood 
Canyon  and  include.s  the  uppermost  beds  of  tlie 
liniestoue  formution.  The  mineralized  out¬ 
crop  is  ii  brown,  rust-stained  dolomitic  bed, 
coiitainiug  a  large  amount  of  ferruginous  dolo¬ 
mite  s[)iir,  white  where  fresh  and  brown  where 
weathered,  tlirough  which  are  scattered  grains 
of  galena  and  yollow'ish-hrow'n  zinc  blende. 
'Fbo  stained  rock  is  closely  associated  with  hvo 
fissui'ca,  one  trending  north  and  the  other  S. 
5.i^  E.,  both  of  whose  outcrops  are  marked  by 
shallow  gulches. 

COPPER  PROSPECTS. 

.1  small  eopper  prospect  in  quartzite  on  the. 
!‘jw  ridge  just  north  of  the  mouth  of  Fool 
Cieek  canyon  consists  of  mineralized  w'hito 
vein  quartz  with  numerous  frjietures  stained 
by  films  of  green  and  blue  copper  caibonates, 
and  contaiuiiig  .small  spots  and  patches  of  dark- 
browsi  iron  o.vidc  evidently  derived  through 
Oxidation  of  pyrite  and  chnlcnpyrite.  Other 
copper  and  lead  prospects  have  been  reported 
along  Dry  Canyon,  south  of  Oak  Creek. 

compasisok  woth  ores  op  other  districts. 

The  lend  ami  lead-zinc  ores  of  the  Canyon 
**angc  are  similai’  in  mlnenJogy  and  mode  of 
^^rrenco  to  certain  ores  in  the  X^orth  Tintic, 
'lintic,  Santaquin,  and  Mount  Xebo  dis- 
^  ^  these  districts  ore,  as  a  rule, 

'^Iher  reinof/O  from  important  bodies  of  hitru- 
igneous  rock  and  consist  essentially  of 
blende,  and  more  or  loss  pyrite,  or 


mountains. 

o.xidatU)n  products  of  thosesulphhies,  mg:iugues 
of  dolomite,  cakite,  and  minor  quartz.  Their 
usual  silver  content  averages  3  to  6  ounces,  but 
m  some  deposits  rises  to  10  ounces  per  ton. 
Tile  sizes  and  shapes  of  the  ore  bodies  vary  uc- 
eordii^  to  conditions;  some  strong  fissuri's 
contain  continuous  veins,  and  some  ])crnieriblo 
bods  of  pure  hmcslono  are  ratlior  c.xtonsivcly 
lepliiced;  but  argillaceous  and  doluinitic.  bods 
have  yielded  only  small  bodies  of  high-grade 
ore  and  h  few  more  e.xtonsi^■d  bodies  of  millini; 
ore. 

The  oro  bodies  of  (ho  Canyon  Rniigo  are  no 
oxcojition  to  this  role.  Those  niimul  luivo  re- 
plueed  dolnmilic  limestone  beds  along  thoir 
intei-seetions  with  narrow'  fissuivs  and  are  sniaD 
or  of  low  grade,  llio  higiier-grado  oro  bodii's 
may  be  mined  at  no  great  e.xpcnsc,  but  the 
cost  of  prospecting  for  new'  bodies  ufler  old 
ones  Lave  become  exhausted  is  likely  to  equal 
or  exceed  the  not  receipts  from  ore  sales. 

Small  copper  prospects  found  near  the  load 
and  zinc  mines  in  some  of  the  distriets  named 
are  quartz  veiiLs  containing  clndeopyrite  and 
pyrite  or  thoir  oxidation  product-s  and  are 
conliuofl  to  the  siliceous  rocks — quartzite, 
schist,  or  granite.  The  copper  prospects  of 
the  Oauyoii  Range  may,  from  the  nieagcr 
knowledge  available,  he  classed  with  this  type. 
.\  few'  veins  intonneiliate  in  composition  be- 
tw'con  these  and  the  lend  and  zinc  deposits  havo 
been  found,  suggesting  that  the  two  typos  wore 
derived  from  a  common  source.  None  of  tlu'se 
copper-bearing  veins  appear  to  have  yielded 
steady  shipments  of  ore. 

SHKEPUOCK  MOUNT.AINS. 

By  0.  F.  LoucrHLis. 

GENERAL  FEATURES. 

Tlie  Slieeprock  Mountains  (fig.  46)  form 
a  narrow'  range  about  20  miles  long  that 
trends  northwest  across  longitude  112°  30' 
W.  and  latitude  40°  X.  They  lie  between  tlie 
Simjxsou  Mountuijus  on  the  west  and  the  West 
Tintic  Mountains  on  the  east,  and  form  a 
southw'ard  continuation  of  the  Onnqui  Range, 
separated  from  it  by  a  lowr  pass  w'pst  of  Fausts. 
Mining  districts  in  the  range  are  the  Columbia, 
the  eastern  pvirt  of  the  Erickson,  the  Blue 
Bells,  and  the  West  Tintic. 

The  highest  summits  of  the  range  rise  7,000 
feet  juid  more  above  sea  level.  Both  tbo  oust 
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iinrl  west  slopi-s  are  pronounced,  but  the  wost- 
eru  nrc  tbe  steeper.  Canyons  cut  both  tlie 
west  aud  east  buses  of  (be  range  well  back  to¬ 
ward  tbe  middle,  leaving  rutber  a  narrow 
sinuous  crest  lino.  Those  in  and  near  (ho  gi’un- 
i(e  stock  on  the  west  slope  (PI.  XII,  J?,  p.  101) 
are  distinctly  “hanging”  in  chariicTer.  'fhoy 
iTiiiintuin  broad  V-sliaped  cross  sections  and 
uniform  genii}'’  graded  bottoms  throughout 
most  of  their  connscs,  but  near  theii*  mouths 


1  grades,  merging  without  breaks  into  (he  alln- 
I  vial  slopes  r\hieh  fringe  the  range. 

I  Many  of  the  canyons  contain  ninniiig  water 
and  (he  bottoms  of  those  in  the  northern  half 
of  the  range  are  covered  with  a  rather  thick 
tree  growth,  in  marked  contrast  to  the  semi- 
arid  alluvial  .slopes  and  valley.s  into  which 
they  empty.  Although  the  mountains  are  well 
watered,  even  the  larger  streams  disuppesr 
very  near  their  canyon  mouths.  These  streams 
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the  bottoms  .steepen  abruptly  and  their  ereek 
beds  follow  a  sharply  /ig/ag  course  between 
low  vertical  walls.  Tliero  nrc  no  indications 
of  glaciation,  and,  as  the  base  of  the  range  is 
well  above  the  highest  level  of  Lake  Boone- 
villo,  a  lowering  of  water  level  can  not  account 
for  the  hanging  character.  Quite  possibly  it  is 
duo  to  n  nujcwal  of  fnidting  and  uplift  in 
rather  recent  times,  since  which  the  smnll 
creeks  have  been  able  to  make,  only  a  begin¬ 
ning  of  down  cutting  to  tlio  new  "base-level, 
dlio  canyons  in  the  east  slope  have  normsd 


irrigate  a  few  naiches  near  tho  base  cf  tho 
range. 

GEOlOaY. 

Tlie  Sheeprock  Mountains  (see  fig.  46)  con¬ 
sist  mostly  of  sedimentary  rocks.  Tiro  most 
exteusir'e  formation  is  a  series  of  dark  to  Kght 
brownish  quartzite,  shale,  and  conglomerate, 
of  probable  pre-Cambrian  ago,  that  stretches 
from  the  south  end  of  (ho  range  for  three- 
fourths  of  its  length.  Overlying  this  in  tho 
northern  part  of  (he  rtuige  is  a  succession  of 
Cambrian  quartzite,  shalo,  and  limestone.  At 
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the  soiitbern  end  of  the  rnntic,  in  tho  West 
Tinlic  district,  an  area  of  limestone  of  unde- 
lerniincd  age  probably  inclndos  Cambrinn, 
Mississippian,  and  i)erIi!iT)S  interme.dinto  strata. 
Tliis  limestone  is  separated  from  the  pro-Cam¬ 
brian  (  0  quartzitic  fornmtion  by  an  overthvust 
fault.  All  the  formulion^  dip  prevailingly 
northeastward,  and  all  dip  iit  low  angles,  except 
those  of  the  southern  liinestotie  area,  most  of 
whh'h  dip  steeply. 

Ignecui-s  rocks  are  represented  by  a  prominent 
stock  of  granite  or  granodioritc  in  the  north- 
rcnlral  part  of  tho  range  and  by  several  small 
slocks  of  granitie,  nionzonitic,  and  rhyoLitie, 
rocks  at  tho  southern  cud.  Dikes  and  sills  of 
granite,  granite  or  rhyolite  porphyry,  and  nion- 
zonilc  or  diorite  porplnny  aro  abundant  in 
places  and  liave  been  noted  in  the  vicinity  of 
nil  mineralized  creas. 

COLCMBIA  AND  EKICKSON  DISTBICTS. 

'fho  Columbia  district  and  the  eastern  part 
of  tho  Erickson  district  (the  we.sleni  port  is  in 
tho  Simpson  Mouu  tarns)  lie  in  the  same  mineral¬ 
ized  area  in  the  north-central  part  of  the  range. 
The  Columhla  district  lies  east  and  the  ErUdv- 
3on  district  west  of  the  divide.  The  geologic 
fonnatlons  uicliide  pre-Camhrian  (?)  and  Cain- 
hriun  sediiuontajy  rocks,  the  largest  gin  into 
■Stock  of  the  range,  and  dilces  of  rhyolite  and 
nionzonile  porphyrjn 

OEOLOOY. 

SEDIMENTARY  ROCKS. 

Tiic  sedimentary  rocks  o^'el■lie  tho  intrurivi’ 
granite,  strikiiig  from  northwe.st  to  vx-st  and 
(lipping  northeast  of  north.  Near  the  intrusive 
contact  (his  dip  is  rather  steep,  aveniglng  about 
•15®  K,  or  ME.,  but  it  appeal's  to  flatten  as 
tlistamc  from  the  contact  increa.scs. 

The  pre-Cambrian  (?)  includes  beds  of  pure 
I'nd  of  dark  chloritic  quartzite,  cldoritic  shale, 
]K)oi'ly  assorted  conglomerate.  A  section 
through  the  upper  parts  of  Hard-to-Beat  Cnn- 
Ton  on  the  southwest  aud  of  Hurker  Canyon 
on  tho  northeast  of  tho  divide  sho^vs  in  a.scend- 
“'g  order,  fli'st,  a  zone  of  prevailing!}*  light- 
colored  quartydte  just  above  the  intrusive 
Senile  contact;  second,  a  scries  of  chloritic 
'^'‘glomerate,  quartz,  and  shnle;  thiid,  u  zone 
P’'ovnilingly  light-colored  quartzite;  and 
ourth,  a  zone  of  green,  purple,  and  black  shnle. 

however,  contaims  beds  chnractcr- 
ic  of  the  other  three.  Tlie  fourth  zone  is 
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oveilain  In-  light  (o  dark  gray  litnestoiio  of 
Cambrian  age. 

The  light  quartzite  is  typical  and  requires  no 
special  description.  Contact  nietnmorphism 
has  niado  no  cpnsjiieiious  change  in  its 
character. 

T  ho  cldoritic  series,  where  unaltered,  is  green 
on  fresh  and  dark  hrowm  on  weathered  .surfaces. 
The  pebbles  of  ( he  conglomerate  consist  of  vein 
quartz,  granite,  gneiss,  and  quartzite,  in  a 
sandy  matrix  of  cldorite.,  sericitc,  and  fine 
quartz  and  feUlsjmr  grains.  The  quartzitic  and 
arkosc  l.ayei's  are  of  the  same  composition  as 
the  conglomerate  matrix.  The  slinlo  differs 
from  the  quartzitic  beds  ui  a  prcdominanco  of 
chlwite  and  scricite  over  quartz  and  feldspar. 
The  appearance,  however,  of  the  cldoritic  rocks 
along  the  upper  slopes  and  summits  visited  is 
much  changed  by  contact  mctamoqjhism 
They  appear  crystalibie,  aud  at  a  glance  may 
readily  be  mistaken  for  greenstones— eldori- 
tizccl  dok^ritc  or  diabase.  This  is  especially 
true  of  the  moro  arkosc  lieds,  hnt  the  conglom¬ 
erate  is  reuclil}'  identified  by  its  pebbles,  which 
are  embedded  in  a  erystaliine  matrix  but  have 
imdergonc  no  conspicuous  change  themselves. 

The  shale  beds  have  last  much  of  their  shaly 
character,  and  the  tenns  honifels  and  slato  are 
appropriate  to  some  of  them.  Much  of  the 
shale  along  its  bedding  plane's  has  developed 
small  “knots”  or  lumps  common  to  many 
contact-mctamorphoscd  slates.  No  en-reful 
study  of  this  metamorphism  was  made,  but 
there  seems  to  have  been  little  or  no  change 
other  than  the  rccrystallization  of  the  minerals 
in  the  rock  with  consequent  obliteration  of  chustic 
stnudvire.  Tlie  “  Icnots  ”  in  tho  only  specimen 
collected  proved  in  thin  section  to  be  wholly 
changed  to  limonite. 

The  I'miestone  was  not  studied,  as  no  ore  de¬ 
posits  in  it  have  yet  beoii  reported.  Fossils 
said  to  have  been  found  in  its  basal  beds  east 
of  James’s  ranch  near  the  north  end  of  tho  west 
face  of  the  range  indicate  Middle  Cumbrian  age. 
L.  D.  Burling,  who  identified  the  fossils,  reports 
ns  follows; 

This  lacrtlity,  for  which  liUlo  Hljwtigrophic  irionnation 
WM  obtained  in  the  field,  can  bo  <lofinitely  correlated  with 
a  section  which  I  nieaauB'd  in  In  tho  Simpson  Moun¬ 
tains,  where  it  forms  the  third  limestono  bed  above  the 
quarUite  series.  It  is  Middle  Cambrian  in  ago  and  is 
probably  to  bo  correlated  with  the  WheokT  formation  in 
the  House  Range.  It  conijiins  Phjclurparui  kingi?  and 
Agnostia  inlirttricttuf 
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lONXOUS  ROCKS. 

The  gruiiite  ft>rir.^  tho  south  and  southwest 
precipitous  frouts  of  tiie  range  and  extends 
well  up  t]\o  canyons  to  within  a  mile  of  the 
divide.  Its  upper  contact  slopes  eastward  and 
probably  northward,  eventually  disappearing 
beneath  tho  surface.  The  low  fiat  ridges  at 
the  south  biwo  of  tho  range  are  also  of  disin- 
tegi'uted  granite  which  passes  insensibly  into 
the  alluvial  slojx's  of  the  valley.  The  granite 
is  of  the  same  general  character  as  that  of 
Desert  Mountain.  Its  outcrops  are  in  general 
badly  crumbled  to  a  depth  of  a  foot  or  more, 
and  it  is  thoroughly  cut  up  by  verticid  and 
incUixcd  sheet  jointing,  which  has  permitted 
sueccssivo  thin  sheets  to  be  removed  by 
erosion,  thus  maintaining  nearly  vertical  cliff 
faces  of  considorftble  height.  'Ilie  main  type 
is  light  gray  in  color  and  medium  to  coarse 
grained  porphyritic  in  texture.  Most  of  the 
phonocrysts  are  white  to  pale-pink  alkaJic 
feldspar  1  inch  or  less  in  length  or  are  slightly 
weatliered  smoky  quartz  in  round  to  hrcgular 
giaiiis  oue-tliird  of  an  inch  or  less  in  diameter. 
A  few  are  flakes  of  biotite  oiie-oighth  of  an 
inch  and  more  in  diameter.  The  gi-oimdmass 
»loubtlos3  contains  both  plagioclaso  and  nlkolic 
feldspar  with  quoitz/  biotite,  and  minor  acces¬ 
sories,  but  (dl  that  was  seen  was  too  badly 
weathered  to  permit  megascopic  distinction 
between  tho  groimdmass  feldspars  and  too 
crumbly  U>  bo  studied  in  thin  section.  The 
mnui  ty[)e  is  cut  by  many  local  dikes  ranging 
from  nplito  to  pegmatite  in  texture,  many  of 
them  having  margins  of  aplite  and  middle  por¬ 
tions  of  pegmatite  or  even  pure  quartz.  Most 
of  the  dikes  setm  trend  about  N.  25°  W.  Near 
the  contact  wit.h  the  overlying  quartzite  the 
granite  is  liner  giaincd  but  maintains  tho  por¬ 
phyritic  character.  This  contact  phase,  e.x- 
posed  along  the  upper  walls  of  canyons,  is  cut 
by  parallel  joints  dipping  about  40°  "W.  and  so 
closely  and  evenly  spaced  that  tho  rock 
resembles  a  Be«limontary  formation  when 
viewed  from  tho  canyon  bottoms. 

Two  dikes  of  rhyolite,  or  quartz  porphyry, 
were  foimd  on  J.  11.  Ekker’s  Godiva  claim  in 
the  reentrant  at  tiro  south  base  of  the  main 
gruuite  bo<ly.  'fbey  trend  a  little  north  of 
west  and  dip  60°  S.  or  more,  cutting  through  a 
complex  of  granite  and  metamorphosed  nrkose 
(which  resorables  imo  dark  granite) .  lliey  are 
light  gi'ay  to  pnlo  pink,  with  dense  groundmass 


and  small  typical  phenocrysts  of  feldspar  a.nd 
quartz.  One  weathered  dike  of  rather  acidic 
monzonite  porphyry  cuts  the  nietamorpluc 
cldoritic  sediments  in  a  saddle  on  the  crest  of 
the  ridge  above  the  Sharp  mine. 

nSSURES. 

The  principal  joint  systems,  including  much 
vortii'al  sheet  jouiting,  strike  N.  25°-45°  W. 
and  approximately  northeast  nroimd  the  Cop¬ 
per  Jack  mines  nt  the  south  base  of  the  moun¬ 
tains.  A  mile  or  more  to  tho  west,  at  the 
mouth  of  Hard-to-Beat  Canyon,  they  strike 
north  and  eft.st,  northwest,  and  northeast,  and 
minor  joints  lie  in  various  intermediate  dii'cc- 
tions.  Farther  north,  around  the  Old  Sharp 
mine,  they  .strike  prevailingly  north  and  east. 
In  all  tlieso  places  the  northwest  and  north 
joints  dip  southwest  or  west,  tho  northwest 
generally  between  65°  and  45°  and  the  north 
about  80°.  Tho  northeast  and  east  joints,  so 
far  a.s  seen,  are  mostly  vertical,  but  some 
northeast  ones  dip  steeply  southeast.  Tho 
joint  sy.stcms  show  no  direct  ixdatiou  to  the 
dikes,  but  some  of  them  evidently  served  as 
channels  for  ore-foi’ming  solutions. 

mSTOUY  AND  rnODUCTION. 

By  V.  C,  Hkikk.<». 

The  Erickson  (Black  Crook'  district  was 
organized  January  30,  1894.  No  production 
from  it  has  been  recorded  by  the  United  Sbvtea 
Geological  Survey. 

Tl»e  Columbia  district,  in  Tooele  County,  9 
miles  southwest  of  Vernon,  was  organized  the 
later  part  of  1871.  According  to  Huntloy' 
there  was  some  excitement  there  in  1871  and 
1872  and  again  in  1875  and  1876.  In  1875 
tho  Ohio  Co.  spent  a  large  amount  of  money 
ieckIos.sly  and  failed.  The  veins  worked  aver¬ 
aged  3  to  4  feet  in  width,  but  the  ore,  wliich  ia 
said  to  have  averaged  10  to  25  ounces  of  silver 
and  3U  to  40  per  cent  load  was  of  too  low  grade 
to  pay  at  that  distance  from  a  market.  Sev¬ 
eral  hundred  tons  were  shipped,  but  dovel- 
opmeaits  were,  as  a  rule,  very  slight.  In  1880 
only  about  10  claims  had  kept  up  as.sessmcat 

work.  ‘ 

Sinco  1880  tho  Sharp  mine,  a  lead-sUver- 
zinc  property,  lias  been  tho  only  notable  pro¬ 
ducer.  In  tho  later  part  of  1908  a  50-ton 
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concentriitor,  equipped  witli  rolls.  niinliii<'ton 
scrci'n  ]•?•■'>  WilHey  Inblcs,  was  built. 

Sonic  lead  conocntnito  was  shipped  in  190S  and 
190'.),  shipments  of  load-zinc  sulphides 
hare  been  voportod.*  In  1!)J4  the  lessees  were 
shipping  a  fair  grade  of  crude  ore. 

OKK  DHPOSITS. 

OCCUBRENCE  AND  CHARACTER. 

The  ore  deposits  are  veins  in  granite  or  in 
quartzite,  none  in  limestone  having  been  re¬ 
ported.  They  may  bo  chissifiod  ns  quartz- 
felcLspar  veins  carrying  spooularite  and  galena, 
quartz-duorite  veins  cinTying  pyrite  and  obal- 
copyritc  (copper  veins),  and  quartz  veins  curry¬ 
ing  pyrite,  zinc  blende,  and  galena  (Uad-zinc 
veins).  Only  the  last  two  are  of  cconomie 
interest.  The  copper  deposits  lie  along  the 
south  base  of  the  granite  stock  and  the  lead- 
zinc  deposits  to  the  north  in  the  quartzite  and  i 
shale  on  the  upper  slopes;  but  it  is  quite  pos¬ 
sible  tiiat  some  copper  ore  also  occins  farther 
north. 

aUARTZ-FELDSPAR  VEINS. 

The  one  quartz-feldspar  vein  found  is  on 
J.  H.  Ekker’s  Godiva  claim.  A  shattered  zone 
trending  east  to  east-southeast  through  meta- 
morphic  arkoso  aud  granite  is  filled  by  n  net¬ 
work  of  small  irregular  vcuis  whicli  arc  ac¬ 
companied  by  some  impregnation  and  replace-. 
meat  of  the  walls.  Talus  greatly  obscures  the 
outcrops,  and  good  e.xposures  ai-e  seen  only  in 
a  few  shallow  prospect  pits  and  two  short 
tuiuicls.  The  veiii  matter  varies  from  fine 
pegmatite  to  nearly  pure  quartz,  (piartz  form¬ 
ing  the  niaigins  and  feldspar  as  a  rule  filling 
the  central  portions.  From  its  optical  prop- 
*rtios  the  feldspar  appears  to  ho  mostly  ortho- 
dase,  but  it  includes  a  few  grains  of  plagio- 
elaae.  The  kaolinized  state  of  the  feldspar 
renders  the  determinations  rather  unsalisfac- 
^ry.  A  little  microscopic  muscovite  is  present 
ffl  the  veins.  Both  the  pegmatitic  and  the 
<lQartzose  portions  contain  specuhirite  and 
>Wre  or  less  galena.  The  specularito  is  very 
Hunilar  to  the  galena  in  color  and  luster  and 
easily  be  mistaken  for  it  at  a  hasty 
but  can  be  I'cadUy  identified  on  close 
inspectkxi  by  its  flaky  or  scaly^  form  and  its  re<i 
streak.  A  few  microscopic  pyrite  grains  arc 
*^eiate<i  with  the  speenlaritc. 

'ComtDunicalloii  from  I,.  D.  Oordoa  In  O.  F.  I«URhlm. 


j  The  Wall  ruck,  whether  arkoso  or  granite,  is 
•  altered  to  an  abrogate  of  quartz  and  sericitc 
which  ui  places  is  impregnated  with  con- 
sidcrnblo  specuhirite.  Galena  seems  on  the 
whole  to  bo  limited  to  (he  veins.  The  total 
width  of  the  veined  and  impregnated  zone  in 
some  c.Kposurcs  is  10  to  15  feet.  A  small  and 
exceptionally'  rich  sample  from  a,  shallow'  pit  in 
veined  and  completely  silicitied  granite  is  said 
to  have  assayed  6  per  cent  load  and  1.)  ounces 
of  silver  per  ton. 

This  veui  zone  is  closely  related  to  the  local 
aplitc  and  pegmatite  dikes  in  character.  Some 
[)ha.ses  of  the  granite  contain  large  blobs  of 
quartz  identical  in  character  with  those  in 
small  pegmatite  segregations  whicli  contain  a 
little  specularile  and  possibly  onco  contained 
a  little  jiyrito  or  galena  now'  represented  by 
small  lusted  pits.  The  pegmatite  i)ho.so  in 
tmn  appeal's  to  grade  into  the  quartz-feldspar 
veinlets,  which  contain  w'ell-erystallized  quartz 
of  earlier  grow'th  than  the  feldspar,  and  which 
are  accompanied  by  alteration  and  impregna¬ 
tion  of  the  w'all  rock.  Furtlier  data  as  to  the 
relative  age  of  the  veins  could  not  bo  obtained 
A  rhyolite  (“quartz  porphyiy”)  diko,  di.s- 
tinctly  later  than  the  nplite  and  iionnul  peg- 
matilo,  forms  the  appro.vimate  hanging  wall  of 
the  vein  zone  for  a  short  distance,  but  the  ex¬ 
posures  are  so  poor  that  it  could  not  be  deter¬ 
mined  wliethcr  the  vein  is  later  than  the  dike 
or  ivUcther  the  dike  is  Inter  than  the  vein  and 
coinciding  with  its  course  merely  by  chance. 
If  the  dilie  is  later  than  the  vein  there  may  bo 
two  periods  of  mineralization;  for  although  the 
quortz-fluorito  vehis  (next  dc-scribed)  do  not 
come  in  contact  with  rhyolite  dikes  in  tliis 
vicinity  they  do  elsewhere  and  are  everywhere 
later  than  the  dikes. 

COPPER  VEINS. 

The  quartz-ttnorite  veins  with  pyi-ito  and 
chaleopjTite  lie  west  of  the  Godiva  claim,  near 
the  ba.se  of  the  granite  cliffs.  Four  properties 
on  these  veins  have  been  worked,  but  all  wore 
idle  and  their  w'orldngs  were  inaccessiblo  when 
visited.  Apparently'  the  veins  follow  the  N. 
25“-45”  W.  fL^ui-es.  Two  of  them  evidently 
form  sheeted  zones  in  porphyTitic  granite,  amt 
the  filling  of  closely  paralld  fissures  was  aceom- 
pauied  by  alteration  and  replacement  of  the 
j  intervenuig  granite.  The  veins  are  said  to 
I  range  from  a  mere  streak  to  6  and  to  even  1.5 
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fert.  Nothin"  definite  can  be  said  regardin" 
the  horizontal  extent  of  the  veins  or  of  the 
proportion  of  rich  ground  in  the  whole  vein. 
The  vein  minerals  vaiy  in  quantity,  and  all 
of  thorn  are  not  present  in  all  specimens.  The 
gonornl  arrangement,  judging  from  spee.imens 
on  the  dumps,  is  for  fluorite  and  the  sulphides 
to  segregate  near  the  margins  of  fissures  and 
for  quartz  to  fill  the  central  portions,  but  tins 
arrangement  evidently  depends  on  the  dcgivo 
to  which  the  different  minerals  hare  been  able 
to  segregate.  In  specimens  showing  the  mar¬ 
gins  of  veins  the  granite  retains  its  appearance, 
but  the  original  biotlte  is  replaced  by  small 
p^n’ito  grains,  and  tlie  plagioclase  by  a  soft 
yellowish-green  material  (presumably  a  micro¬ 
scopic  aggregate  of  sericite  and  silica  possibly 
stained  in  places  by  green  copper  minerals); 
the  alkalio  feldspar  and  quartz  have  undergone 
no  appreciable  change.  The  vein  contact  is 
sharp  but  not  straight,  suggesting  that  a  por¬ 
tion  of  tho  wall  has  been  replaced.  The 
fluorite  forms  single  crystals  and  coarse¬ 
grained  aggregates  of  colorless  to  purple 
(green  where  stained  with  malacliite),  either 
pure  or  mixed  with  the  other  minerals.  Tlie 
pyi’ito  and  chalcopyrite  also  tend  to  form  sepa¬ 
rate  aggregates,  and  some  specimens  ai’0  com¬ 
posed  almost  wholly  of  chalcop5Tite  and  fluorite 
in  irregular  masses,  but  others  are  composed 
chiefly  of  fluorite  and  pyi’ite.  Quartz  forms  a 
matrix  for  tho  other  primary  vein  minerals 
and  also  forms  small  prisma  of  late  primary  or 
secondaiy  origin  along  minor  fractures.  Study 
of  polished  surfaces  and  thin  sections  shows 
that  the  pvTite  and  fluorite  finished  crystalliz¬ 
ing  about  the  same  time  and  earlier  than  the 
other  minerals.  Some  of  the  p3Tit6  crystals 
wore  distinctly  earlier  than  the  fluorite.  The 
chalcopyrite  and  quartz  crysUllized  together, 
hut  the  quartz  continued  to  crystallize  after 
the  chiJcopyrite  had  all  deposited.  This  order, 
pyrite,  fluorite,  chalcopyrite,  quartz  shov^  the 
order  in  which  the  minerals  finished  crystalliz¬ 
ing,  but  the  periods  of  ciystnllization  clearly 
overlapped,  and  some  quartz  was  crystallizing 
beforo  all  the  pyi’ite.  A  few  microscopic  scales 
of  specularite  were  found  inclosed  in  quartz, 
hut  its  relations  to  the  other  minerals  could  not 
be  determined. 

Superficial  alteration  in  the  veins  is  marked 
by  partial  alteretion  of  pyrite  and  chalcopyrite 


to  limonite,  and  by  the  filling  of  fluorite 
cleavage  cracks  and  small  fractiu’cs  in  both 
veins  mid  walls  with  malachite  and  iron  oxide. 
SmiiU  vugs  may  bo  partly  filled  with  wliite  to 
pnle-brovTi  kaolin,  evidently  introduced  me¬ 
chanically  by  infiltrating  waters.  Tho  incom¬ 
pleteness  of  oxidation  and  the  shallow  depth 
to  ground  water  are  not  favorable  to  the  occui- 
rcMcc  of  any  strong  zones  of  enriched  sulphides, 
and  it  is  probable  that  tho  value  of  thm  ore  os 
a  whole  will  not  improve  with  depth.  The 
copper  content  of  the  ore  on  tho  diunps  docs 
not  average  much  if  any  over  5  per  cent  and 
nothing  indicates  a  high  tenor  in  silver. 

The  principal  workings  in  this  type  of  vein 
arc  those  of  the  Copper  Jack  Mining  Co.,  wliich 
Las  operated  the  Copper  Jack  and  Flying 
Dutchman  shafts.  Accoi'tling  to  C.  C.  Griggs, 
president  of  tho  company,  the  Copper  Jack 
shaft  is  140  feet  deep  and  follows  a  3-foot  vein 
which  averages  6  per  cent  copper.  Tire  Flying 
Dutchman  claims  have  two  inclined  shafts,  one 
of  which  is  about  240  feet  long  with  a  slope  of 
about  40°  and  follows  a  vein  considerably 
richer  in  copper  than  tho  Copper  Jack.  Its 
width  is  3  to  15  feet.  'ITio  Copper  Jack  shaft 
struck  a  strong  flow  of  water  at  about  80  feet, 
and  water  was  standing  within  20  feet  of  the 
surface  when  seen  by  tho  witer.  The  water 
sui’face  in  the  Flying  Dutchman  shaft  is  said 
to  stand  about  100  feet  down  the  mcline. 
Foui*  veins  are  said  to  run  lengthwise  (aver¬ 
age  trend,  N.  30°  W.)  tlirough  tho  property. 
Their  average  copper  content  is  3  to  6  per 
cent,  but  one  100-foot  portion  of  tho  Copper 
Jack  vein  carries  7  or  8  per  cent  and  includes 
considerable  high-grade  material  running  20  U» 
30  per  cent.  The  silver  ranges  from  1  to  7 
ounces  per  ton. 

Tho  other  properties  in  tho  vicinity  are  those 
of  the  ‘Wliite  Rat  (formerly  tho  New  Utah) 
Mining  Co.  and  the  Right  Bower  Mining  Co. 
Their  ore  and  gangue  are  of  the  same  type  as 
that  of  the  Copper  Jack.  Both  have  struck 
water  at  shallow  depths,  tho  water  in  tho  Right 
Bower  shaft  standing  close  to  the  smfaco. 

The  gi’oat  obstacles  wluch  prevent  tho  suc¬ 
cessful  mining  of  these  veins  is  the  shallow 
depth  to  water,  which  involves  the  nccc^ity 
of  pumping  almost  from  the  start  of  operations, 
and  the  30-milc  ha\J  to  tho  railroad  at  Tintic 
Jimction  or  Center. 
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LEAD-Z1I7C  VEINS. 
occunntN'CE  a\u  CH.\n.\r'rKii. 

Tlie  quartz  voins  with  zinr,  nrul  lead  rniuerak 
are  found  on  the  upper  slopes  of  the  range  on 
both  sides  of  the  divide  and  have  been  worked 
ui  Harkers,  Albert  Ekkers,  Pine,  and  ncigh- 
beriiig  canyons.  The  mines  nnd  prospects  here 
too  were  all  idle  when  visited,  and  none  of  the 
workuigs  was  accessible,  so  that  study  was 
necessarily  confined  to  the  dumps.  The  ore 
fra^ents  vary  from  pyrito  with  no  other 
visible sulpliidcs  to  irregular  raixtm'es  of  pyidte 
zinc  blonde,  and  galena.  Quartz  is  the  only 
gaiigue  mineral  seen  in  many  specimens,  but 
others,  which  represent  replacement  or  im¬ 
pregnation  of  chloi’itic  wall  rock,  contain  con¬ 
siderable  chlorite.  A  tliin  section  of  the 
cliloritic  rock  suggests  that  impregnation  of  the 
ore  minerals  has  been  accomplished  bv  recrys- 
tiillizatiou  (and  partial  removal)  of  "the  wixU 
rook,  the  quartz  re-forming  into  relatively  few 
and  large  ci^stals  Interspereed  \vith  felty  masses 
of  practically  pime  chlorite.  The  ore  minerals 
as  a  whole  have  intergrown  contacts  with  the 
gaiigue,  but  many  of  the  p\’Titc  crv.stals  are 
neai'lv  perfect,  whereas  the  galena  and  blende 
as  a  rule  have  irregular  outlines. 

Oxidation  is  well  advanced  in  the  uppermost ' 
parts  of  the  veins  nearest  the  divide,  nnd  the 
removal  of  sulphides  has  left  a  limonite  ore 
more  or  less  filled  with  white  cenisite  ‘(lead  car- 
onato)  crystids  and  presumably  carrying 
considerable  silver. 

Tho  only  mines  which  have  sliippod  ore  from  '  ^ 
tus  type  of  vein  in  recent  ycai-s  are  the  Sharp  I ! 
fuid  tho  New  Sultana. 


SHAUP  MIXU. 


The  Sharp  mine,  at  the  head  of  Harker 
I'l'yon  in  the  Columbia  mining  district,  has, 
noted,  produced  lead  concentrates, 
asina  amount  of  lead  carbonate  ore,  and  some 
^ad-znic  sidphide  ore.  According  to  L.  D. 
^'r  on,  a  former  operator  of  the  mine,  the 
'^'^'’^nate  ore  contained  about  -10  per  cent 
mi  •  1^^  ounces  of  silver  to  the  ton,  and  the 

xe  s  phitlo  ore  about  30  per  cent  lead  and 

thio  mine  has  been  worked 

Ic'aq'lf '  ^regaling  1,250  feet  in 

cav^  I  '•  main  tunnel  when  visited  was 
from  ^  small  stream  of  water  issued 

*  •  The  ore  on  the  dump  included  both  j 


buSSf  load  carbonate,  andlimonite, 
uL  r  ot I  mg  is  lmo^^^x  of  their  relative  ammmts. 

ontic  beds  that  have  been  replaced  and 
imprecated  to  some  extent  by  ore.  The  ore 
,  recently  nnned  by  lessees  has  been  hauled  by 

^ --alt  La xo  Railroad,  about  12  niUos  to  tho  east, 
w 

I  N\%'.V  Sl'LTAXA  .MINE, 

I  'Hie  New  Sultana  ore  body  had  not  been 
I  opened  at  the  time  of  the  \vTitei'’s  visit  in  ID  12. 
y  It  13  reported'  to  be  a  vein  4  feet  thick  hi 
^  quartzite,  and  the  ore  is  said  to  contain  GO 
_  ^nts  m  gold  and  a  ounces  in  silver  to  the  ton 
_  48  per  cent  lead,  and  28  per  cent  iron.  Tlio 
g  zme  content  is  not  known  One  himdred  tons 
^  ot  ore  are  said  to  have  been  mined  in  1014, 

•  OTBEIl  PROI’EnTIE.S. 

I  Deposits  on  tho  Erickson  side  of  tho  divide 
^  mchido  the  Indianapolis  in  Pino  Canyon,  tho 
I  Freo  Coinage  in  .Ubert  Ekkere  Canyon,  and 
^  I  others  whoso  names  have  not  been'  learned. 

No  information  regarding  the  extent  of  the 
^  veins  or  values  of  the  ores  on  these  properties 
has  been  obtained.  Oro  from  these  mines 
I  must  be  hauled  20  miles  down  canyon  roads  of 
generally  gentle  grade  to  the  valley  west  of  the 
mountains  and  northward  and  eastward  along 
the  valley  roud  through  the  puss  to  Faust  and 
Center.  The  mines  on  both  sides  of  the  divide 
are  thus  handicapped  by  distance  from  a  rail- 
;  road  but  are  fortunate  in  their  location  on 
steep  slopes  where  tuiuiels  from  the  canyon 
bottoms  can  be  driven  and  made  to  drain  tho 
portions  of  the  oro  bodies  which  lie  above  the 
canyon  levels. 

BLUE  BELLS  DISTRICT. 

1.0C.VTI0X. 

The  Blue  Bells  district  lies  on  the  east  side 
of  tho  Shceprock  Mountahi.s,  about  6  miles 
southeast  of  the  Erickson  district  and  close 
to  the  south  boimdaiy  of  Tooele  County. 

It  is  reached  by  a  10-mile  wagon  road  from 
Lofgreen,  on  the  Los  Angeles  &  Salt  Lake 
Railroad.  The  road  extends  westward  from 
Lofgreen,  acros.s  a  low  pass  in  the  West 
Tintic  Range,  and  turns  southward  along 

■  Oral  by  Lovr  Ucrrlninn  nod  Jaoics  Mtrcan.  of  Eureka, 

Viali. 
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Vernon  or  Faust  (^eek  to  Green  s  ranch, 
whore  it  turns  westward  again  along  a  shallow 
canyon  through  tho,  east  footliills  of  the 
Sheeprock  Mountuins. 

PUODUCTION. 
l?y  V.  f'.  nuiKES. 

The  Blue  Bells  dLstrict  was  organized  on 
February  12,  1S96.  Its  knowui  production  has 
been  sraull. 


I  phosed  simly  rock,  granite,  and  gneiss  in  a 
nuitrix  of  shaJy  character.  Tho  pebbles,  or 
cobbles,  lire  prevailingly  large,  being  4  to  12 
inches  or  more  in  diamotcr.  The  largest 
noted  was  an  elliptical  quartzite  boulder  4t 
feet  long,  Tho  irrcgiUar  sizo  and  distribution 
of  the  pebbles  and  tho  shaly  character  of  the 
matrix  suggest  a  glacial  origin  for  the  con¬ 
glomerate. 

The  only  igneous  rock  noted  was  a  highly 
weathered  northwc-stw'nrd-trending  diko  of 
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GEOUJOY. 

The  only  sedimentary  formation  noted 
w’lis  the  great  series  of  early  Cumbrian  or 
prc-Cambriun  quartzite,  shale,  and  conglom¬ 
erate,  which  is  so  prominently  exposed  in  tho 
Erickson  and  Columbia  districts  to  the  north- 
w’est.  Tho  stnita  at  and  near  the  crest  of  the 
range,  aroimd  the  iMorgan  workings,  strike 
northwest  and  dip  40“  NE.  A  mile  or  more 
to  the  east,  around  tho  Bliwk  Hawk  workings, 
they  strike  ncurl)'  east  and  dip  north  at  a  low 
angle.  Not  enough  work  has  boon  done  to 
determine  the  structure  accuiiitcly,  but  the 
strata  appear  to  form  a  raonocliue,  broken ! 
by  mujoi’  and  minor  faults.  ! 

Tho  qunrtzito  members  of  the  sorica  are 
light  to  medium  brown,  medium  grained, 
and  in  places  cross-bedded.  ITio  shale  is 
greenish  gray  where  fresh  and  brown  where 
weathered  and  has  a  more  or  less  metamor¬ 
phosed  nppcjinmce,  locally  with  the  charactere 
of  slato  or  oven  phyllitc.  Tho  conglomerate 
is  t^Tiicnlly  unassorted  and  is  composed  of 
subangular  pebbles  of  quartzite,  mebimor- 


monzonite  porphyry,  about  200  feet  wide, 
exposed  on  a  high  short  spur  just  northeast 
of  tho  Morgan  shaft.  It  lies  between  a 
southwest  wall  of  quartzite  and  a  northeast 
wall  of  shale,  relations  which  suggest  that  it 
was  intruded  along  a  fault. 

The  principal  structural  feature,  other  than 
tho  moderate  degree  of  folding  already  men¬ 
tioned,  is  faulting.  Faults  of  mther  small 
displacement  and  Cssiu'es  are  numerous  in 
the  limited  area  examined,  but  not  enough 
observations  were  mode  to  determine  the 
directions  of  the  principal  systems.  The 
strongest  faults  and  fissures  noted  trend 
N.  40“  Y[.  with  dip  55“  SW.,  N.  30“  E.  with  dip 
70“-80“  SE.,  and  N.  85°  E.  with  dip  about 
50“  S.  One  of  the  N.  40“  W.  faults  is  accom¬ 
panied  hy  accessory .  fissures,  characterized 
by  breccia tion  but  bttle  or  no  apparent 
displacement.  Those  accessory  fissures  trend 
N.  60“-70“  E.,  north,  N.  20“  E.,  and  eaat- 
Thcy  were  noted  only  at  one  place,  ihe 
Black  Hawk  workings,  w'hero  the}'  appcarctl 
to  radiate  from  a  N.  40“  W.  fault. 
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OKU  DEPOSITS. 

HIMES. 

Tho  only  oro  deposits  n'jxirted  in  tl:e  Blue 
Bolls  district  nro  those  on  the  R.  R.  P.  prop¬ 
erty,  which  includes  two  gi'oup.s  of  worUings, 
the  Morgen  and  tho  Black  Iluwk. 

Morgan  The  Morgan  workings  lie 

close  to  the  crest  of  the  range  and  include  one 
iiidincd  shaft  and  two  tunnels.  One  vein  has 
been  worked  through  tho  shaft  and  upper 
tuiuiel,  and  another  inuicralizod  fissure  has 
been  prospected  tlu’ough  tho  lower  tiumel. 
Tho  productive  vein,  whei-e  stoped,  strikes 
X.  8')“  W.  and  dips  50®-55"  S.  West  of  the 
sloped  ground  tho  strike  is  said  to  curve  south- 
vn'stward.  Below  tho  slope  the  dip  is  said  to 
flatten  to  42°.  Ore  of  shipping  gi'nde  was 
found  close  to  tho  surface  and  extended  dowui 
the  dip  for  SO  feet,  to  a  short  distance  below 
the  tunnel  level,  and  then  pmched  out.  The 
inclined  shaft  followed  tho  ore;  and  tho  up{)er 
tunnel,  45  feet  vertically  below  the  shaft  collar, 
was  driven  along  the  strike  of  the  vein  for  185 
feet.  The  stoped  ground  had  caved  and  could 
bo  studied  only  at  its  eastern  end. 

The  oro  seen  consisted  of  hreccinted  quartz 
cemented  by  a  mixturo  of  galena  and  cci'usitc, 
.iccomponied  by  a  little  quartz  and  barite. 
Quartz  in  fine  di’uso-s  and  n  few  barite  crystals 
are  the  only  conspicuous  gangue  minerals.  A 
little  miawcopic  cnlcito  is  also  present. 

The  galena  forms  rather  fine  grains  and 
aggregates,  both  impregnating  the  rock  and 
partly  lining  cjivities.  Tho  conisito  varies 
from  dark  gray  to  white,  'Phe  dark  variety, 
when  treated  ■B'ith  hydrochloric  acid,  j'ields 
free  chlorine,  which  suggests  that  the  dark 
color  is  due  to  a  mungimeso  oxide.  Under  the 
microscope  remnants  of  galena  are  bordered 
ly  a  dull  black  material,  which  may  bo  a 
manganese  o.xide,  and  this  in  turn  is  sm- 
roonded  by  cerusito.  In  some  places  the 
gclcua  has  disappeared  and  only  an  irregular 
mixtme  of  the  cerusite  and  the  black  mineral 
rsniains.  The  white  variety  occxnrs  in  oggre- 
S^tiea  from  which  the  dark  color  has  been  re- 
and  also  in  scattered  rectangular  platjr 
0'J'‘hils  in  the  cavities.  Cerusito  also  occurs 
•*  Ktlle  veinlots  and  interstitial  grains  in  the 
Will  rock. 

Small  specks  of  o.xidized  pjTite  are  scattered. 
•®ong  the  lead  minerals.  The  quartz  is  pres¬ 


ent  as  a  matrix  for  the  ore  minerals  and  as 
small  well-formed  crystals  lining  cavities.  ‘As 
a  matrix  in  leached  places  it  is  a  white  or  light- 
brownish  honey-combed  material.  The  barite 
occura  in  typical  platy  crystals,  some  half  an 
inch  in  length,  tWly  scattered,  and  mostly 
out  not  wholly  in  the  cavities. 

The  lower  Morgan  tunnel  is  a  short  tlistunwi 
south  of  the  upper  tunnel,  and  extends  for  265 
feet  along  a  crushed  zone  in  quartzite.  The 
strike  o:  thi.s  zone  is  N.  30°  E.,  and  its  average 
dip  is  about  vertical.  It  has  been  u’necd  on 
the  surface  from  the  tunnel  mouth  to  tho  crest 
of  tl'.e  nmge,  where  a  small  amount  of  dis¬ 
placement  along  it  is  shown  by  an  ofTset  shale 
hod.  riio  outcrop  of  the  crushed  zouc  has 
13^)1001  gossan  stums,  but  prospect  mg  thus  far 
has  shovfcTi  only  a  small  scattered  distribution 
of  lead  minerals.  Other  gossan-stained  fis¬ 
sures  nciu'  and  pamllel  to  tliis  one  were  noted 
near  the  crest  of  the  ridge. 

Black  Hawk  vune. — Tho  Black  Hawk  work¬ 
ings  are  m  tho  foothills  about  a  mile  east  of 
tho  Morgan  workings.  Tlie  ore  thus  far  found 
has  occurred  along  faults  and  adjacent  bedding 
planes.  The  principal  fault  trends  N.  40°  W., 
between  a  southwest  wall  of  conglomerate  and 
a  northeast  wall  of  quartzite,  Branch  fissm'es 
in  the  quartzite  extend  from  tho  fault  in 
various  directions,  suggesthig  roughly  a  radial 
arrangement.  They  are  all  marked  by  brecci- 
ated  quartzite.  Tho  largest  ore  shoot  found 
was  a  layer  of  partly  oxidized  galena  about  10 
inches  tliick  along  a  bedduig  plane  in  tho 
quartzite  closely  associated  with  the  principal 
fault  and  on  oblique  hraiich  fissme.  It  was 
followed  ill  a  narrow  flat  slope  for  a  distance 
of  30  feet  before  it  pinchi^  to  a  thin  streak. 
Small  bunches  of  ore  and  one  shoot  of  workable 
size  have  been  found  in  the  minor  fissures. 

The  ore  seen  in  the  Black  Hawk  workings 
was  all  galona-cerusite  in  a  gangue  of  brecciuted 
quartzite.  No  barite  was  noted. 

GENESIS. 

..Vlthougb  there  is  no  strong  evidence  os  to 
the  ultimate  soui’ce  of  the  ores,  the  relation 
of  ore  shoots  to  Cssuring  indicates  that  ore- 
bearing  solutions  ascended  along  faults  or 
crushed  zones  and  deposited  ore  at  points  wherb 
excessive  shattering  along  a  fault  or  at  the 
intersections  of  faults  with  other  fissures  or 
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bodiling  planes  allowed  the  solutions  to  per¬ 
meate  and  replace  the  rock  more  thoi'oughly 
than  elsewhere.  All  deposits  so  far  discovered 
are  small,  and  further  prospecting  is  likely  to 
result  in  the  discovery  of  addilional  small 
shoots  rather  than  of  persistent  ore  bodies. 

WEST  TINTIC  DISTRICT. 

Hy<J.  r.  l.ouRHU.v. 

GKOOIIAPHY. 

Although  the  West  Tintic  district  probably 
includes  part  of  the  West  Tintic  Kango  the 
few  mines  in  the  district  that  have  produced 
ore  lio  to  the  west,  in  the  low,  southern  part  of 
tlie  Shecprock  Mountains.  The  two  ranges  are 
separated  by  the  two  naiTow  valleys  of  ^'ornon 
and  Cherry  creeks.  (See  fig.  46,  p.  424,  and 
PI.  XXXVIII, p.  377.)  Cherry  Creek,  wliicli 
flows  soutlnviLrd  for  6  to  7  miles  before  dis- 
appcaiing  at  the  northera  end  of  Sevier 
Desert,  is  the  principal  stream  and  furnishes 
water  for  the  tfjwns  of  Mammoth  and  Robinson 
in  the  Tintic  district  18  miles  to  the  east,  as 
well  as  for  a  few  riinchcs  in  its  valley,  llie 
mines  of  the  West  Tintic  district,  however, 
which  arc  tibout  3  miles  west  of  Cherry  Creek, 
obtain  their  water  from  a  well  on  Hassell’s 
ranch  about  It  miles  to  the  northeast. 

The  nearest  fomis  tx>  the  West  Tintic  dis¬ 
trict  are  Eureka  and  Mammoth,  in  the  Tintic 
district,  Fi’oin  these  towns  the  district  is 
reached  by  a  wagon  road,  for  the  most  part 
of  only  moderate  grade,  that  extends  for  25 
miles  over  a  broad  pass  in  the  south-central 
part  of  the  West  Tintic  Range.  Ore  may  be 
hauler!  over  this  road  to  Tintic  Junction  or  by 
a  road  to  the  south  that  extends  from  Cherry 
Creek  valley  to  Jericho  station  on  the  Los 
.'Vngclcs  &  Salt  Lake  Raili'oud.  The  dtstancx) 
from  the  Scotia  mine  to  Jericho  is  16  to  17 
miles. 

QEOLOOY. 

The  formations  in  the  West  Tintic  district 
include  Paleozoic  and  probable  pie-Paloo7X)ic 
wdirnentory  rocks,  and  intrusive  and  effusive 
igneous  rocks  of  probable  Tertiaiy  age.  As 
a  rule  the  sedimentary  rocks  form  the  more 
prominent  summits  and  the  igneous  rocks  the 
lower  foothills,  valleys,  and  some  of  the  broader 
saddles.  (See  figs.  46,  p.  424,  and  47.) 


SEDlUlBirrART  BOCKS. 

I'llK-CAMBRl.VN  (?)  tlUARTZITIi. 

The  thick  formation  of  quartzites,  shales 
'  and  slialy  conglomerates,  which  forms  the  bulk 
of  the  Sheepnrek  Range  from  the  Columbia 
district  southward,  extends  to  the  southera 
foothills  of  the  range.  In  the  West  Tintic 
district  its  southern  boundary  is  an  iirogulur 
ci’oscent,  concave  southward,  and  partly  sm- 
rounding  an  area  of  brnestono  and  dolomite 
that  contains  the  productive  mines  and  more 
promising  prospects.  The  quartzite  overlies 
the  limestone  but  (see  p.  43S)  Ls  ati  overthnrst. 

The  lithologic  character  of  this  formation  in 
the  West  Tintic  district  is  generally  the  same 
as  in  the  districts  to  the  northwest.  The 
quartzite  member's,  though  much  fractured, 
are  the  more  resistant  to  orosiorr  and  form  caps 
to  many  of  the  lower  attd  higher  summits,  arrd 
the  conglomerate  and  shale  occirpy  the  slopes 
and  ar  e  in  large  part  concealed  beneath  debris. 
The  quartzite  varies  in  composition  from  light 
colored  and  relatively  pure  to  the  dark-brown 
forruginoirs  variety  so  characteristic  of  the 
formation.  The  conglomerate  members  cou- 
sist  of  angular  to  subangular  cobbles  or  small 
boulders  of  older  quartzite,  schist,  and  slaty 
r-ooks,  in  a  shaly  to  schistose  m.atrix,  and  here 
as  elscw’here  bears  a  rather  strong  resemblance 
to  glacial  till.  The  shale  mostly  is  gray  to 
greeir,  weathering  to  brown,  and  of  typical 
structure. 

The  strike  and  dip  of  the  formatiou  vary  ond 
con  be  accurately  determined  at  only  a  few 
phrees.  The  dips  as  a  whole,  however,  arc  low 
to  moderate  to  the  north  or  uoi'thenst. 

Tire  formation  is  cut  by  many  voiirs  of  white 
massive  quartz,  whoso  oirtcrops  appear  barren. 
Tlrey  strike  in  many  directions  and  none  of 
thorn  are  traceable  over  considerable  distnnera. 

There  is' no  local  evidence  to  indicate  the 
ago  of  this  formation,  but  as  it  is  continuous 
northwar'd  to  the  Columbia  district,  whore  it 
underlies  quartzite  of  Lower  and  Middle  Cam¬ 
brian  age,  there  can  be  no  reasonable  doubt 
tlnrt  it  is  either  very  early  Lower  Cambrian  or 
pre-Cambrian. 

PAI.COZOIC  IIUCSTOSK. 

Dolomitic  limestone,  of  uncertain  age,  occu¬ 
pies  nu  area  of  a  few  square  miles  bI  the 
southern  end  of  the  range,  ar^d  is  surrounded  by 
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FiQvmE  17.— -Sketch  map  shosi-kic  fuuiii  ^coloeio  features  an«l  tbo  locations  ot  mliyj^and  prxpocli  (a  tlif  Wert  Tlot>o  district. 


tlio  high  north-south  ridge  southwest  of  the 
mine  and  also  comprises  the  lower 
ridges  to  the  east  and  west. 

^Tiere  not  affected  by  contact  ine  tiimorphism 
It  IS  prevailingly  of  dark  bluish  gray  and  fine 
groined.  Some  bods  are  of  very  oven  texture, 
others  are  finely  ban«led  with  lighter  gray 
others  are  spangled  with  short 
*  te  markings  characteristic  of  certain  Middle 
Upper  Cambrian  dolomites  in  the  Tin  tic 
354 1C'’ —10 -28 


I  which  cnlors  the  rock,  and  a  few  minute  but 
!  well-formed  <jiiarlz  crystals. 

Where  affected  by  incipient  mctamorphlsm 
the  rock  is  partly  or  completely  bleached  to 
very  light  gray  or  white  by  the  elimination  of 
carbon,  but  the  coniiwsition  is  not  appreciably 
affected.  Treraolite  is  the  only  silicate  mineral 
noted  in  this  phase  of  the  i-ock.  jVI though 
it  is  more  abundant  in  bleached  rock  it  has 
been  noted  forming  radiating  aggregates  iu 
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unV)lcnc'h{jd  dolomite.  More  intense  incta- 
niorphisin  nearer  tlic  intrusive  igncoii-s  eon- 
tacts  has  clevclope'd  a  number  of  typical  silicate 
minerals,  the  mast,  conspicuous  of  which  are 
garnet  and  epidotc;  cliopsitle,  treinolite,  horn¬ 
blende,  actinolite,  pblogopite,  titonite,  and 
chlorite  are  pre.sent  in  line  to  microscopic  gray 
to  green  irggregatcs,  some  of  which  resemble 
chert  in  appearance.  These  met  amorphic  min-  | 
crals  tend  to  form  abundantly  in  certain  layers 
and  to  be  bounded  by  layers  of  granular  enleite. 
'I'lie  presence  of  calcite  as  the  prevailing  car¬ 
bonate  in  the  thoroughly  metanrorphosed  rock 
is  in  marked  contrast  to  the  prevailing  dolo- 
mitic  character  of  the  unmetamorphosed  rock. 

A  bed  of  shaly  limestone,  which  marks  ap¬ 
proximately  the  upper  limit  of  the  ore  horizon 
in  tho  Scotia  mine,  clescrvas  special  mention. 
At  one  place  along  its  outcrop,  sonthca.st  of  the 
\Yalker  shaft,  it  forms  tho  hanging  wall  of  an 
old  open-cut  aU>pe  which  yielded  bonanza  ore 
in  the  early  days  and  for  this  reason  has  been 
locally  eivUwl  the  “bonanza  shale."  The  rock 
i.s  bluish  gray,  lighter  than  the  dolomitie  rock, 
inicrogranular,  and  very  tliin  bedded  to  shaly. 
The  thin  beds  of  limestone  are  st'parated  by 
shaly  partings.  Immersion  in  dilute  hydro¬ 
chloric  acid  3'iclds  brisk  elTciwesgenee,  proving  a 
general  nbsoiice  of  ilolomite,  and  tho  abundant 
residue  after  solution  consists  chiefly  of  line 
quartz  grains  and  serioito  flakes. 

Cherty  beds  have  been  noted  in  tho  eastern 
and  northwestern  parts  of  tho  limestone  orea. 
A  fow  thin  intercalated  beds  of  quartzito  in 
the  vicinity  of  the  eastern  beds  are  much 
fractured  and  filled  with  cornby  quartz  veins. 
The  most  prominent  of  these  e.xtends  north¬ 
ward  with  approximately  vertical  dip,  along 
the  top  of  tho  low  ridgo  east  of  ihoToad  be¬ 
tween  tho  “  1003  "  and  the  Scotia  mines  (fig.  47) 
to  the  saddle  southeast  of  the  Scotia  mine, 
where  it  posses  bononth  tho  contact  of  tho  lime¬ 
stone  and  prc-Ciimbriun  (?)  quartzito  series. 
A  few  sand)'  bods  were  noted  bt'tween  the  i 
south  cud  of  tho  high  liinestono  ridge  and  the 
road  junction  to  tho  west. 

No  dcterminablo  fossils  have  been  found  in 
tho  limestone  area.  The  only  characteristic 
markings  in  the  central  and  easteru  ports  of 
the  area  nro  the  short  white  spangles,  similar  to 
those  in  the  Middle  and  I'ppcr  Cambrian  lime¬ 
stone  of  the  Tintic  district,  which  appeare  in  a 
few  beds.  These  with  the  prevailing  dolomitie 


character  suggest  correlation  with  Cambrian- 
but  as  later  Paleozoic  limestones,  including 
those  of  Mis.si.s.sippian  age,  are  also  conspicu¬ 
ously  dolomitie,  no  definite  age  is  assigned  to 
the  rock.  The  black  chert  nodules  near  the 
northwest  corner  of  tho  liinestono  area  strongly 
suggest  lower  Mississippian  age. 

IGNEOUS  HOCSS. 

OSN-BKAt.  L'HAIIACTER. 

Tho  igneous  rocks  of  tho  West  Tintic  district 
consist  of  stocks  and  dikes  of  granitic  and  mou- 
'zonitic  rocks,  exten.sive  bodies  of  extrusive 
rhyolite,  ami  doubtless  latitc,  the  extrusive 
equivident  of  mon-/.onite,  though  no  well- 
defined  outcrops  of  this  were  recognized.  The 
granitic  rocks  comprise  one  inclusion  of  pre- 
Cambrian  granite  and  stocks,  dikes,  and  sills 
presumably  of  Tertiary  age.  'Fho  monzonitic 
rocks  are  also  assigned  to  the  Tertioi-y.  No 
contacts  between  the  Tertiary  granitic  and 
monzonitic  rocks  have  been  found. 

CRK-OAUUKIAN  URANITB. 

Pre-Cambrian  granite  i.s  represented  by  an 
inclusion  3  or  4  feet  in  diameter  in  a  monzonite 
porphyry  dike,  which  cuts  the  quartzito  series 
near  tho  western  boiindar)'  of  the  limestouo 
oiea.  (See  fig.  47.)  The  granite  is  pink, 
rather  coarse  grained,  and  somewhat  gneissoid. 
It  consists  of  pink  ulkalic  feldspar,  white  plagio- 
clasc,  and  quartz,  the  last  two  obscured  by  fine 
gi-anulntion.  A  small  quantity  of  chlorite  after 
biotito  is  also  present.  Aa  seen  in  thin  section 
the  principal  minoraJs  are  microperthitc,  calcic 
oligocla.so,  quartz,  and  chlorite.  The  usual 
minor  constituents  are  present,  and  one  allanile 
crystal  associated  with  epidoto  was  noted. 
The  section  i.s  travoi-sod  by  several  microscopic 
crushed  zones,  and  in  thi-s  re.speet  is  markedly 
different  from  tho  intnisive  ginnito  of  the  dis¬ 
trict.  'Hie  presence  of  this  inclusion  suggests 
that  a  portion  of  the  gi-anite  which  is  kno^^^l  b) 
underlie,  the  quartzite  series  in  some  parts  of 
the  State  is  present  in  the  segment  overthi'ust 
upon  the  limestone,  though  not  exposed  at  tho 
surface. 

TERTIARY  INTRUSIVE  ROCKS. 

Character  anti  distrilnlio-n. — The  iutrusiv® 
rocks  of  tho  district  vary  in  appearance  but 
are  for  the  mo.st  part  very  similar  in  cheinic 
composition  and  fall  in  the  granodiorite  or 
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quartz  inonzunite  proufis.  Tho  most  slkalic 
(sniiiO  uotod  is  a  muscovite  fo'nnitc,  and 

the  most  fcrromagiiesian  (mnfic)  vurioty  is  a 
aioritic  phase  of  monzonito. 

The  intrusive  bodies  are  for  the  most  part 
smiJ],  ami  most  of  them  are  grouped  in  an  enst- 
noithcust  zone  near  the  northern  boundaiy  of 
(hcliroestonc  urea.  A  smnU  complicated  stock, 
much  obscured  by  debris  covering,  is  present  in 
the  southwest  part  of  tl\c  area,  and  dikes  of 
inaiiitc  piaidiyry  and  monzonite  porphvry  are 
very  abimdant,  most  of  those  noted  trending  a 
little  east  of  north  or  ii  little  north  of  cast.  No 
distinct  age  relations  have  been  found. 

Oranotllorite  group. — A.  stock  of  roughly  tii- 
niigiilar  outline  is  exposed  along  the  curving 
ridge  northwest  of  tho  Scotia  mine.  It  con¬ 
sists  mostly  of  light-gray  coarse-grained,  con¬ 
siderably  ili-sintegrated  rock,  with  minor  varUv 
tics  of  aplite  and  granite  porphyry  along  the 
harder.  Contact  motainorphism  along  its  bor¬ 
der  is  expressed  by  induration  of  shale  beds  in 
the  quartzite  and  by  slight  alteration  in  the  ad¬ 
jacent  part  of  tho  limestone.  The  mineral  com¬ 
position  and  texture  of  the  coni-se-grained  rock 
is  essentially  similar  to  that  of  the  larger 
granodiorite  in  the  Ck)lumbin-EricIo>on  district 
to  the  nortliwest  and  on  Desert  Mountain  to 
the  southwest. 

The  border  porphyry  phase  is  of  interest  for 
comparison  with  the  variations  in  tho  other 
stocks.  It  consists  of  a  verj^  fine  grained 
groundiuass  with  prominent  rounded  gimins  of 
quartz,  the  Iarg(“st  of  which  arc  3  millimotci*s 
in  diameter,  white  crysUds  of  altered  feldspar, 
and  n  few  weathered  scales  of  biotite.  It  dif¬ 
fers  from  the  main  body  of  the  stock  merely  in 
tbesmsUer  size  of  most  of  its  components.  In 
thin  eection  the  quartz  phenocrysts  show  some 
r<»rption,  and  their  corroded  edges  arc  frmged 
with  secondary  quartz,  which  is  accompanied 
hy  a  little  cidcitc!  and  serieite.  The  plagioclase 
crystals  are  consklerubly  altered, 

ihotilc  phenocrysts  uro  altered  to  a  mixture  of 
dilorite  and  cuJciitc,  with  or  without  serieite. 
'^gmundinass  consists  of  fine  graphic  uiter- 
of  quartz  niid  alkidic  feldspar  inclosing 
•'ome  short  laths  of  plagioclase  (oligocJase- 
A  few  sphendites  consistmg  largely 

quartz  are  a.ssoeiatcd  with  tho  graphic  inter- 
Powlhs. 


ntviTow  wedge-shaped  stock  to  t 
crosses  the  ovorthnist  without  dlsplt 
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I  and  ends  northwestward  as  a  sill  in  tlio  tpiartz- 
ite  scries.  Another  small  stock  just  west  of 
this  one  also  cuts  the  overthnist.  These  two 
stocks  consist  of  granodioritc  porphyry,  with 
prominent  plicnocrysts  of  feldspiw  but  none  of 
quartz  in  an  nplitic  grounclm<vss.  A  snnUl 
amount  of  altered  hiotito  and  3  or  4  per  cent  of 
o.xidizod  pyritc  giaiins  aj’e  also  present.  In 
thin  section  most  of  the  plagioclase  is  too  much 
sericitized  to  be  identified,  but  a  few  giuuns 
indicate  ovlcic  ivndcsino.  Uiolitc  is  altered 
to  chlorite.  The  groundiuass  consists  of  quartz 
and  feldspar,  mostly  in  graphic,  intorgi’owth. 
The  feldspar  is  much  koolinizcd  but  appears  to 
include  both  alkidic  and  plagioclase  varieties, 
the  latter  less  calcic  than  the  plagioclase 
phenocrysts.  'Fhe  pyiito  is  associated  w’ith 
serieite,  .secondary  quartz,  and  clilorito,  and 
is  dearly  an  aJUwation  pi  oduct.  Tliis  rock  dif¬ 
fers  from  that  fii-st  described  mainly  hi  tlie  ab¬ 
sence  of  quartz  phenocrysts,  though  it  contains 
a  largo  amount  of  quartz  in  the  groimdmosa. 

Another  small  stock  (not  uocurntely  out¬ 
lined  in  fig.  47)  outcrops  to  the  southeast  just 
west  of  the  ovorthnist  contact.  This  rock  is 
light  pink  orul  composed  of  plagioclase,  biotite, 
and  a  few  liornblendo  ciystals  with  scattered 
fmo  grains  of  magnetite  and  titanitc  in  an  ox- 
tremelj'  fine  grainml  groimdmass.  In  thin  sec¬ 
tion  the  feldspor  phenocrysts  prove  to  bo 
mostly  plugiocluse  with  a  few  of  microperthite 
(Oi-,,Abjo).  The  plagioclase  includes  two 
varieties;  limgo  crystals  of  labradoritc  (An^) 
partly  resorbed,  and  oligoclasc  (/Xn-,)  in  rela- 
tivclv  small  grains  »uid  in  one  place  forming 
a  rim  tiroimd  lui  older  labradorit-e.  Biotito  and 
common  hornblcndo  aro  typical  and  considenv- 
bly  chloritizcd.  Tho  groundmass  con.sists  of 
abundant  quartz  and  alkidic  feldspar  (niicro- 
cUno  microperthite),  with  a  less  amoimt  of  sodic 
plagioclase.  Elinor  constituents  iuclude  mag¬ 
netite,  titunite,  apatite.,  and  zircon. 

A  dike  of  muscovite  griuiito,  w'hich  trends 
'  N,  2.5®  W.  across  the  overthrust  contact  in 
the  extreme  northwest  corner  of  the  liinesloue 
urea,  is  neiuly  wliito,  fine,  even  grained,  and 
composed  of  wiiite  feldspar,  colorless  quartz, 
lliinly  scattered  mu-scovite,  and  some  flakes  of 
biotite.  As  estimated  in  thin  sectiou,  the 
fcldspiijs  comprise  about  55  per  cent,  quartz  40 
per  cent,  and  muscovite  luid  minor  accossorit'S 
5  per  cent.  Four-fifths  of  the  feldspar  is 
[  pciihitic  inicroclinc  with  small  imoricnted 
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inclusions  of  pliigiocliuso.  The  rcmiurKlcr  is 
pliigioclase — oligoclftse-iiiiHosinc  (^Vdjo)  'wit.h 
more  soclic  outer  zones.  The  muscovite  tends 
Lo  form  poiliilitic  ci^stiils  inclosing  small  well- 
crystallized  grains  of  quartz,  and  appears  to 
have  been  on  the  whole,  the  liitesl  important 
mineral  to  crystallize.  The  minor  constituents 
noted  are  biotite,  separate  or  int(TgrowTi  with 
muscovite,  m.agnctite,  and  zircon. 

Tlie  composition  of  tliia  rock  is  very  similar 
to  that  of  the.  groundmass  of  the  rocks  pre¬ 
viously  described  (p.  43-')).  Those  rocks  con¬ 
tained  no  primary  mnscoviU*,  but  the  preseuce 
of  mus«x)vitc  in  tliis  rock  ma}'  well  be  attributed 
to  a  greater  concentration  of  water  *uid  fluorine 
in  a  Salic  portion  of  magma  and  does  not  neces¬ 
sarily  indicate  the  intrusion  of  a  distinct 
magma.  In  other  words,  the  mu.scovitc  gi'ajiito 
is  regarded  as  a  saJic  differentiate  from  the 
granodioritic  magma. 

Tlie  large  area  of  granite  porphyry  and  rhyo¬ 
lite  porphyry  northeast  of  the  hmestone  area 
has  the  siuite  general  composition  as  the  gi  ano- 
dioritic  rocks,  but  part  of  it  diffei-s  in  possessing 
textures  characteristic  of  effusive  rocks.  In 
spite  of  these  textures  nU  the  contacts  with  the 
quartzite  series  on  the  west  are  neaily  vertical 
and  intrusive.  To  the  east,  however,  the  rocks 
are  in  part  clearly  extrusive,  and  it  is  concluded 
that  tiiG  maui  vent  tlwough  wliich  the  lavas 
of  the  region  wore  erupted  is  in  the  western 
part  of  tliis  nron. 

The  gi’cator  part  of  tlie  rock  in  tliis  vont 
varies  in  tcxtui’e  from  very  line  grtiuicd  por- 
phjTj'  to  rhyolite  porphyry,  although  several 
eruptions  are  represented.  Much  of  it  is  hglit 
gray,  dense  porphjTitic,  and  contains  abundant 
phenocrysts  of  quartz  and  feldspar,  vdth  a 
little  biotite  and  magnetite.  In  thin  section 
the  quartz  phenocrysts  show  resorption  and 
many  of  them  are  cracked  or  even  “faulted,” 
the  gi-omidnias3  filling  the  fractures.  The 
feldspar  forms  roughly  rectangular  grains, 
some  of  them  with  resorbed  rims,  Plugiocluse 
(andesinc)  is  somewhat  more  abundant  than 
ulkalic  feldspar,  a  few  grams  of  which  have  a 
poorly  defined  structure  suggesting  mierocKne. 
Biotite  and  minor  accessories  are  typical. 

Another  rock  in  the  vent,  intrusive  into  the 
ono  just  described,  is  of  dark-purplish  color 
and  somewhat  denser  texture  but  is  essentially 
identical  in  mmcral  composition.  The  appear¬ 
ance  of  this  rock  is  also  characterized  on  the 


surface  by  the  pink  color  of  the  alkuhc  feld¬ 
spar.  'I'liis  color  di-sappenrs  a  fraction  of  an 
inch  away  from  the  surface  or  from  fracture 
linos,  and  is  clearly  the  result  of  weathering. 

Several  dikeliUe  intrusions  of  rhyolitic  rock 
in  this  area  wore  noted  along  the  road  that 
extends  northward  and  eastward  hy  Hassell’s 
ranch  to  the  divide  between  Vernon  and 
CheiTV  creeks,  but  none  were  studied  in  detail. 
A  special  variation,  however,  is  represented  by 
the  narrow  body  of  rhj'olite  breccia  that  cuts 
the  quartzite  scries  vertically  ju.st  west  of  the 
main  area.  (See  fig.  ,47.)  This  rock  i.s  purple 
to  gray,  finely  fragmental,  and  consists  of 
banded  to  massive  fragments  of  rhyolite  m  a 
fine  matrix  ol  the  same  material.  Its  chemical 
and  mineral  composition  is  shown  hy  tho 
uricroscope  to  he  similar  to  the  rocks  of  the 
main  area,  from  wliich  it  diffei-s  only  in  te.xture. 

Monzmntf. — The  onlj’’  stocklike  body  of  mon- 
zonito  in  tho  immediate  vicinity  of  the  mines  U 
in  the  southwest  part  of  the  lirucstoue  area  and 
is  so  obscured  by  debris  of  rhyolitic  or  gnuiodio- 
litic  porphjTy  that  its  exact  outUne  and  stnic- 
tm'u  l  relations  are  not  easily  detcrniincd.  Dikes 
and  sills  of  monzonite  porphyry  have  been  noted 
at  several  pluco.s  ( hroughout  tho  limestone  area. 
The  typical  monzonite  .is  gray,  medium,  and 
even  gi'ainod,  and  consists  chicllj"  of  gray 
translucent  fcldspai-s,  biotite  and  augite,  the 
augite  being  more  or  less  a  Itcred  to  hornhlendo. 
Both  fehlspam  are  recognizable  mcgascopically, 
])lagIoeln3e  as  a  rule  formuig  gra}"  or  white 
lath-shaped  twinned  crystals  wdiich  are  sar- 
roimded  by  alkaKc  feldspar  of  slightly  different 
color  and  with  no  definite-  crystallographic 
outUne.  Pyrito  is  present  as  small  grains 
scattered  through  tlie  rock  and  also  as  thin 
films  or  sheets  along  fracture  planes.  In  thki 
section  the  plagioclase  pro-sents  a  marked  zonal 
growth,  the  zones  rnngbig  in  coraposilioci 
from  Auj,,  to  An,s  or  being  even  somewhat 
more  sodic.  They  average  about  jVn*.  TTia 
ulkalic  feldspar,  which  has  a  very  fine  pertWtic 
structure,  forms  irregular  giains  of  various 
sizes.  Some  of  the  smaller  form  partial  rinw 
around  plugiocluse,  and  the  larger  ones  have  a 
}X)ikilitic  character,  incios'uig  crystals  of  au 
the  otlier  primary  minerals  e.xcept 
Quartz  forms  irregular  grains,  some  of  whicfl 
are  a  raillinieter  in  diameter,  mostly  inttf* 
-stitial  to  the  other  mhienils  hut  in  part  formuij, 
mierogiuphic  iiitergrow'ths  with  ulkalic 
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spai'  microscopic  quiutz  nnioiints  (o 

cciirlv  10  per  cent  of  (lie  rock.  Biotite  forms 
typical  gjniiis,  some  with  resorbed  margins, 
.iuijilc  forms  prismatic  grains  averirging  about 
6  millimeter  ui  length  and  showing  nil  stages 
of  the  transition  from  fr-esh  niigito  into  compact 
gn^cti  bomhlertdc  with  typical  cleavngo  and 
pleochroism.  vSome  of  the  nugitc  (nr  horn¬ 
blende;  gi'ains  arc  in ter•g^o^\•Tt  with  biotite. 
Minor  accessories  btcludo  rather  nhnndant 
(ilariite  and  magnetite  in  in’egular  to  hypau- 
(omorphic  grains,  apatite  in  typical  well-formed 
prisms,  end  rai-cly  zircon. 

Besides  tire  typical  r'oek  variations  of  dioritic 
character  arc  present  in  the  monzonite  stock. 
Snine  fire  fcldspathic;  others  have  a  prcpondcr- 
nnre  of  black  minerals.  In  the  feldspalliic 
variety  the.  plagioclaso  has  about  tho  same 
composition  a.s  irr  the  typical  monzonito,  but 
iilknlic  feldspar  and  quartz  are  verj'  scarce. 
Biotite  is  the  principal  accessory  and  is  accom¬ 
panied  by  a  little  uralitio,  liornblende  (after' 
icjgite'?).  The  darker  variety  consists  of  zonal 
plagioclase,  averaging  near  An^,  in  composition, 
and  primary  liornblende  accompanied  by  a 
little  biotite.  No  augite  is  present.  Alkalic 
feldspar  and  qinvrtz  form  fine  intereiitial  aggre¬ 
gates  among  the  predominant  minerals.  Mag¬ 
netite,  titanite,  nnd  apatite,  the  first  two  fre¬ 
quently  of  megascopic  size,  are  conspicuous 
minor  constituents  in  both  varieties. 

AlkrafAcn. — Alteration  has  alTectcd  all  the 
igneous  rocks  of  the  district  to  a  greater  or  less 
e.xtent,  but  the  kind  of  alteration  is  the  same  in 
all  of  (bom  and  is  of  the  propylitic  type.  ITie  ' 
common  alteration  minerals  are  sericite,  chlo¬ 
rite,  epidote,  calcite,  quartz,  and  pj-rito,  and 
these  are  accompanied  in  some  of  the  rocks 
hy  uraliiic  hornblende,  secondary  titanite,  and 
magnetite,  'Hie  relations  of  these  minorfds  to 
one  another  sliow  that  tlic.y  were  formed  at  the 
same  time,  and  they  are  attributed  to  the  wtion 
of  heated  waters  that  penneated  the  rocks  j 
during  ore  deposition.  Kaolin  and  limonite 
®re  the  principal  minerals  formed  since  tliat 
time  by  surface  weathering. 

P<irag<nesis. — ^I'ho  different  iutimsivo  ixicks 
0  the  district  are  closely  related.  In  some  the 
more  calcic  plagioclase  and  tho  black  silicates 
•re concentrated  in  relatively  large  proportions; 
•no  in  one,  the  muscovite  granite,  the  quartz 


mountains. 

and  alkahc  feldspars  nrcespeciallyooncentratrd. 
The  plagioclase  iseont.nincd  mainly  in  the  pho- 
noeryst.s  or  carber-formed  minerals  and  the 
alkalic  feldspara  mainly  in  the  groundrnass  or 
Intor-formcd  minerals  of  the  intennedinfe 
(granodioritic)  rocks  of  tho  district.  SufTicient 
time  to  allow'  certain  degree's  of  concent nitioQ 
of  the  earlier  groups  of  minorala  before  the 
later  groups  hc^an  to  crjTiti'.lbzc  accounts  for 
the  vaiiations  in  coin|K>sition  and  for  tho 
dilferent  textnrul  clinractoristics  of  (ho  rocks. 

TEUTIABV  K.\T.XI’sn-lS  ftOCKS. 

The  principal  area  of  e.xtrusivc  volcanic 
rocks  extends  eastwaivl  from  the  vent  already 
described  aernss  Cliony  Ci’eck  valley,  3  miles 
distatit,  and  partly  up  the  w’ost  slope  of  the 
West  Tintic  Range.  Small  isolated  arcus  ho 
on  tho  east  slope  of  the  range.  The  rocks,  so 
far  as  noted,  are  prevailingly  rhyolitic  and  in¬ 
clude  flows  and  breccias,  but  as  tlicy  are  some 
distance  from  the  mining  district  proper  they 
have  not  been  studied  in  detail. 

STRUCT  iniE. 

FOLDINO. 

The  exact  structure  of  tho  hmestono  has  not 
been  determined,  'fhe  strata  at  the  Scotia 
mino  dip  20°-2.5°  N.  and  appejir  to  lie  con¬ 
formably  beneath  the  quartzite  series.  South 
of  tho  Scotia  mine,  along  the  high  limestone 
ridge,  they  strike  north-northeast  and  dip  very 
steeply  west.  On  the  low  ridge  to  tho  east 
they  strike  similarly  but  dip  from  vertical  to 
steeply  oast.  These’ relations,  together  with 
the  distribution  of  the  cherty  zone,  suggest  a 
sharp  anticKne  \vith  a  north-pitching  axis  ap¬ 
proximately  along  the  road  bct'W’cen  the 
“1903”  and  the  Scotia  mines  and  through 
tho  Scotia  property.  In  tho  limestone  area 
west  of  the  high  ridge  debris  coverings  and 
motamorplusm  greatly  conceal  the  structure. 
Near  the  west  contact,  across  the  ridge  siiuth- 
west  of  the  Orient  shaft,  there  is  .somo  indica¬ 
tion  of  a  local  pinched  syncline,  but  tho  atti¬ 
tude  of  the  beds  as  a  wdiolo  is  tho  same  as  those 
on  the  liigh  ridge.  Tho  available  data  suggest 
a  major  anticline  with  nearly  vertical  limbs, 
whoso  axis  is  about  hnlfwmy  between  the  mid- 
dlo  of  the  limestone  area  and  iUs  eastern  con¬ 
tact  with  the  quartzite  series. 
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OVKimiBUrtT. 

'Fho  slructurn  of  tlio  liniosloiio  is  thus  un- 
symmetrical  with  n'spmt  lo  the  quartzite  series, 
and  other  discordanees  in  position  o.xist  betw^oon 
the  two  rocks  along  the  contact.  The  disap¬ 
pearance  of  the  thin  qnnrtzito  bed  in  the  cii-st- 
ern  limestone  area  beneath  the  gi’eat  quartzite 
series  has  already  been  mentioned.  This  stnic- 
ture  either  implies  the  very  rapid  pinching  out 
of  some  hundreds  of  foot  of  limestone  and  their 
equally  sudden  reappearance  ju.st  to  the  north, 
or  is  due  to  an  ovurl.lirust..  The  al.titudo  of  the 
beds  is  apparently  eonformablo  at  the  Scotia 
mine,  hut  a  shale  member,  which  immediately 
overlies  the  limestone,  is  beveled  off  both  to  the 
east  and  west.  .\t  the  saddle  between  the 
Scotia  and  Orient  mines  a  small  mass  of  quartz¬ 
ite  rests  on  limestone,  the  contact  dipping 
northeast  at  a  low  angle.  Just  south  of  tills 
point,  on  the  high  limestone  ridge,  the  lime¬ 
stone  strata  strike  a  little  east  of  north,  but 
the  limestone-quartzite  contact  eontmiics  west¬ 
ward  across  the  Orient  and  V^irginia  Lode 
claims  without  regard  to  the  strike  and  dip  of 
the  lirnestono.  At  the  Virginia  Lode  prospect 
the  limestone  is  separated  from  a  .shale  member 
of  the  quartzite  by  a  nearl}’-  vertical  east-west 
fault.  From  this  point  westward  the  contact 
is  complicated  by  two  small  stocks  and  a  few 
dikes  of  granitic  and  inonzonitic  rock. 

At  the  northwest  corner  of  the  limestone 
area  the  limostono  strikes  N.  25“  W.  and  dips 
nearly  verticall}^  hut  the  quartzite  contact 
curves  from  east  to  west  through  an  anglo  of 
about  115“  to  a  trend  paralleling  the  limestone 
bedding.  Southward  along  the  west  contact  the 
attitude  of  the  limestone  beds  varies.  At  one 
place,  at  the  head  i  f  a  small  branch  gulch  in  a 
southwist  direction  from  the  Virginia  Lode 
prospect,  the  limostono  close  to  the  contact 
strikes  N.  40“  E.  and  dips  42“  SE.,  whereas  the 
contact  strikes  about  north.  The  limestone  is 
much  contorted  and  soraowlint  metamorphosed. 
From  this  point  southward  the  contact  extends 
along  the  crest  of  a  low  south-sloping  ridge, 
until  the  ridge  surface  sinks  below  it,  leaving 
only  limestone,  and  thus  proving  that  the  plane 
of  contact  along  this  ridge  dips  west  at  a  low 
angle,  away  from  the  dip  of  the  lirnestono. 
The  limestone  at  some  places  along  the  contact 
is  overlain  by  quartzite  and  at  others  by  shale. 
Both  the  binestoiic  and  quartzit  e  are  scattered  j 
at  several  places  along  the  contact.  | 


Within  the  li[ne.slone  urea  a  low  ridge  south 
of  the  War  Eoglo  No,  3  open  cut  is  capped  by 

quartzite  but  consusts  otherwise  of  steeply  dip¬ 
ping  limestone  whose  exposures  surround  the 
quartzite.  Tho  quartzito  is  not  mtercalated  in 
the  limestone  and  i.s  regarded  as  a  remnant  of 
tho  great  quartzito  series  which  once  overlay 
tho  limestone. 

The  evidence,  although  obscured  along  much 
of  t  he  contact  by  dfibris,  all  points  to  discordant 
relations  between  the  limestone  and  quartzite 
which,  coupled  with  the  stratigraphic  evidence 
ah-eady  given,  indicates  an  ovcrtlirust  fault  of 
undulating  character.  The  limestone  area  was 
completely  covered  by  the  quartzite  at  one 
time,  tho  fault  contact  arching  over  it.  To 
regard  tho  cont.aot  as  an  unconformity  would 
necessarily  imply'  an  immense  thickness  of  pre- 
Cambiian  limestone  in  tho  West  Tintic  district 
and  nowhere  else  in  tho  Great  Basin  region. 
Furthermore,  no  fragments  of  the  limestone, 
and  only  pebbles  and  nobbles  of  siliceous  sedi¬ 
ments  ha  VO  been  foimd  in  tho  ovorlying  quartz¬ 
ite,  whereas  tho  structural  details  of  the  contoct 
aro  indicative  of  disturbance. 

Results  of  n  brief  reconnaissanco  in  the  West 
Tintic  Range  along  tho  Tintic  Road  lend  sup¬ 
port  to  the  foregoing  intorpretation.  Along  the 
road  the  sedimentary'  rocks  consist  of  quartzite 
with  intercalated  beds  of  shale  and  limestone 
dipping  westward  at  a  low  angle.  Fossils  col¬ 
lected  from  two  limestone  beds  were  deter¬ 
mined  by  G.  H.  Girtyq  as  follo^vs; 

Bed  southwest  of  Summer  ranch;  Sponge?,  ZaphretUitf 
sp.,  Bdlerophon  »p. 

Bed  nX)  yards  north  of  the  Mammoth  reservoir:  Znph- 
rcriiis  8p.  and  Litfioslrolion  -uikilnciji. 

Mr.  Girty  states  that  theso  faunas  are  tou 
scant  and  too  poorly  preserved  to  be  assigned 
to  any'  definite  horizon,  but  he  regards  them 
03  probably  upper  Mississippian. 

Along  the  crest  of  the  range  north  of  the  road 
and  on  its  west  slope  down  to  tho  divide  be¬ 
tween  Cherry  and  Vernon  creeks  lie  coarse 
conglomerate  and  quartzite  of  pre-Carabrian  ( ?) 
age,  whose  western  dip  suggest  that-  they  for¬ 
merly  extended  over  tho  upper  Mississippi^R 
quartzite  and  that  the  overthrust  extends 
as  far  eastward  as  the  crest  of  the  West- 
Tintic  Range.  Their  exact  trend  in  the  West 
Tintic  Range,  however,  can  be  determine 
by  detailed  work  alone,  much  of  their  sur¬ 
face  being  covered  by  disintegi’ated  volcamc 
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rocks  and  care  being  necessary  to  distinguish 
ibo  light-colored  quartzite  members  in  the 
pre-Cumbrian  (?)  from  beds  of  similar  appear¬ 
ance  in  the  upper  ilississippian  (?)  formation. 
'I’lifi  stratigraphic  and  structiu  d  relations  of  the 
rocks  iu  the  West  Tmtic  Range  and  the  West 
Tintic  raining  district  are  shown  in  figures  4tJ 
(p.  424)  and  47  (p.  433). 

The  ago  of  the  ovcrtlu-u.st  is  clearly  greater 
than  that  of  the  Tertiary  igneous  rocks  but  can 
not  he  definitely  determined  on  locnJ  evidence. 
It  may  be  contemporaneous  with  the  over- 
tlirusts  in  the  Wasatch  Rango,  which  are  of 
Cretaceous  age. 
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about  1370,  amounted  to  about  250  tons  of  65 
per  ceut  lead  oro  containing  a  moderate  pro¬ 
portion  o  silver.  Tins  ore  was  shipped  to 
^wansea,  uks,  and  to  smelters  south  of  Salt 
ate  City.  In  1S71  the  property  Was  sold  to 
Joab  Lawrence  and  associates,  wlio  joined  in 
building  tho  HoraansviUe  smelter  in  the  Tintic 
distnct.  This  enterprise  failed,  and  the  smelter 
was  moved  away  in  1872.  Tlio  mine  later 
passed  into  the  hands  of  tlie  Boston-Tintic 
ruing  Co.,  by  whom  it  ha.s  been  woi-kcd  or 
leased  interim ttentJy.  The  production  of  the 
Scotia  mine  shice  1880  has  probably  amounU^d 
to  somewhat  more  than  3,000  tons,  valued  at 
about  3150,000. 


Witli  the  e.xception  of  the  overthrust  already 
di^scribcd,  faults  of  considerable  displacement 
arc  not  conspicuous.  Those  actuall}'  exposed 
and  also  those  strongly  suggested  in  the  field 
lie  in  two  systems  that  trend  nearly  north  and 
nearly  cost.  A  porphyry  sill  at  the  small  iron- 
orc  prospect  on  the  Virginia  Lode  claim  is  dis¬ 
placed  3  feet  by  a  north-south  fault  with  a  60° 
dip,  and  a  well-defined  east-west  fault  with 
.lenrly  vertical  dip  is  e.xposed  just  to  the  west. 
Its  strike  coincides  with  the  limestone-quartzite 
contacl,  but  its  vertical  dip  suggests  that  it 
may  cut  the  plane  of  the  ovcrtlrrust  at  this 
place.  Another  fault,  which  trends  nearly 
north,  is  suggested  by  a  deflection  of  the  over- 
thriist  contact  east  of  the  ResuiToction  (Prairie 
Bell)  prospect  but  has  not  been  traced  north¬ 
ward  or  southward.  Other  faults  of  similar 
trc.nd.s  are  suggested  at  a  few  places  by  appar¬ 
ently  discordant  relations  of  the  strata.  None 
of  them  are  closely  connected  'with  ore  deposits. 

Mineralized  fissures  also  follow  two  prevail¬ 
ing  directions;  I^.  1.5°— 20°  E.  with  vertical  dip 
and  70°  E.  with  steep  southerly  dip. 


hrom  1902  to  191.3  only  two  mines  siiipped 
ore,  both  in  small  amounts, 

ORE  nF.POSlTS. 

OIimilAL  OHARAOTEK. 

Tho  oro  deposits  of  tho  district  comprise 
several  types,  transitional  into  one  another, 
which  itulicato  deposition  at  temperatures 
ranging  from  those  e.xisting  along  tho  margins 
of  crystallizing  intrusive  rocks  downi  to  mod¬ 
erate  and  even  low,  iAJl  tho  types  aro  in 
limestone,  in  or  closely  associated  with  fiswurcs, 
some  of  which  coincide  with  the  bedding  of 
the  rock. 

The  deposits  formed  at  highest  temperatures 
are  of  the  coiitact-mctamorpliic  tyqre.  More 
or  less  contact  meta  morph  ism  hits  been  pro¬ 
duced  around  all  tho  larger  oio  bodies  of 
granodioritic  and  monzonitic  rocks  and  also 
along  some  of  tho  dikes  and  sUls.  Tlio  most 
intense  meUniorphic  effect  is  just  north  of  tho 
monzonite  stock  in  the  southwest  part  of  tho 
limestone  urea,  and  the  only  contact-mot  a  mor- 
'  pliic  ore  body  of  much  promise — that  of  the 
I  Iron  King  mine— is  in  this  place. 


HISTORY  AXD  PROUUCTIOX. 


^0  satisfactory  account  of  the  production  of 
(be  Alest  Tintic  district  can  be  given,  for  in  the 
^rlior  years  its  output  was  included  by  the 
irector  of  the  Mint  with  tho  Tintic  district, 
ko  Scotia  mine  has  been  undoubtedly  tho 
argest  producer,  but  accurate  data  of  its  out¬ 
put  are  not  available.  According  to  W.  W. 

3ci,  of  Salt  Lake  City,  who  was  one  of  its 
u^ginal  owners,  the  first  pocket  of  ore,  found 


HINES. 

inON  KINO  MINE. 

Tho  workings  of  the  Iron  King  mine  are  in 
both  metftmorphic  limestone  and  monzonite 
and  cut  dikes  of  granite  porph}Ty,  Tho  mine 
in  1913  was  opened  by  a  shaft  200  feet  deep 
and  by  200  feet  of  drifts,  but  tlio  underground 
workings  were  not  accessible  when  visited.  A 
part  of  the  ore  body,  however,  was  exposed 


440 


onr.  DI:;POStTn  OP  UTAH. 


nlon"  ft  narrow  dcop  open  nd..  Tlie  oro  body 
forms  a  rortical  bniid  a  few  feet  t-liiek,  piimllel 
(o  tho  vertical  nor(h-sou(.b  bedding. 

The  most  conspicuou.s  ore  minerals  are  ning- 
nclite  and  specularite,  wliuh  form  an  appar¬ 
ently  solid  muss,  colored  in  places  by  gj-oen 
copper  stains.  Some  specimens  are  of  miig- 
netito,  others  of  hematite,  and  both  varieties 
contain  disseminated  gi'ains  and  well-defined 
voiidets  of  pyrite.  No  chulcopyiitc  was  recog¬ 
nized,  and  the  green  copper  stains  may  have 
been  tlcrivcd  from  copper  in  the  pyrite.  A 
smnU  shipment  in  lf)13  contained  two  classes 
of  oro,  one  carrying  0.2S2  ounce  of  gold  and 
2.6  ounces  of  silver  to  tho  ton,  6.2  per  cent 
copper  and  40.0  per  eent  iron;  and  the  other 
currying  0.1.5  nnneo  of  gold  and  1.5.5  ounces  of 
silver  to  the  ton,  .3.15  per  cent  copper  and  4.S.S 
per  cent  iron. 

'fhe  margins  of  the  ore  show  replacement  of 
an  opidotic  phjise  of  the  metamorphic  lime¬ 
stone,  II  relation  which  indicates  that  the  ore 
was  formed  at  a  latorstnge  of  contact  metamor- 
phism  than  wore  the  silicate  gangue  minerals. 
The  silicate  rock,  ns  shown  by  .specimens  on 
the  dump,  is  also  cut  and  replaced  to  some 
extent  by  vein  quartz  and  calcitc,  which 
imply  that  mincnilization  continued  after  the 
temperature  hud  fallen  below  the  range  at 
which  the  silicates  had  formed. 

VIROINIA  LODE. 

Another  type  of  contact-met  amorphic  ore 
that  has  been  prospected  on  the  Virginia  Lode 
claim  is  pyiitized  shale  along  tlie  hnnghig  wall 
of  a  poiphyry  dike.  Oxidation  has  decom¬ 
posed  the  pyiite  and  concentrated  the  iron 
along  the  margin  of  tho  dike  in  the  form  of 
limonito  in  a  layer  ninging  from  a  thin  film  to 
6  feet  thick.  A  similar  deposit  of  limonito 
has  been  opened  in  a  prospect  tunnel  on  tho 
Allah  property  east  of  the  shaft.  No  assays 
of  either  ore  wore  obtained.  Deposits  of  this 
t3^pe  may  bo  mistaken  for  the  weathered  out¬ 
crops  of  a  silver-lead  deposit,  but  it  is  improb¬ 
able  that  valuulilc  silver-lead  deposits  will  be 
found  in  either  siialc  or  quartzite. 

W.'iR  EAOLE  CLAI.MS. 

Closely  related  to  tlio  magnetic  oi’e  of  the 
Lon  King  mine  is  that  of  tho  War  Eaglo  No.  2, 
which  forms  a  north-south  vein  a  short  dis¬ 
tance  to  tho  east.  The  vein  is  opened  by  a 


shaft  70  feet  deep,  with  short  drifts  on,  the  25 
aiul  70  foot  levels.  Tho  vein  sends  short 
tongues  into  the  wiiU  rock,  which  includes 
both  niotamorpliic  hmestone  and  silicified 
grnnodiorite  porphyry.  Monzonite  is  c.xposed 
in  surface  workings  ncur  the  vein.  Tho  oro 
thus  far  found  occurs  in  small  bodies,  from 
one  to  a  few  tons  in  weight,  of  han-en  or  low- 
grade  massive  quartz  a-ssocioted  wnth  brunch 
fissures  at  their  junction  with  the  maiu  vein, 
between  stretches.  The  primary  ore  inincrnl 
is  clinlcopyiitc  in  ijTcgular  jiatches,  usually 
in  a  matrix  of  fine-grained  specularite.  The 
gangue  nrineral  is  quartz,  vith  local  devel- 
ojmients  of  barito  and  calcitc.  Clialcopvritc 
also  forms  scattered  grains  or  bunches  in 
milky  quartz  and  occurs  as  narrow  bands 
alternating  with  cherty  replacement,  quartz. 
Some  bunches  of  lead  ore  arc  present,  but  no 
primary  lead  minorahs  have  been  found.  Tho 
chnlcopyrite  is  largely'  oxidized  to  a  dark 
resinous  or  pitchy  form  of  limouite  and  to 
malnchite  and  chrysocoUa.  The  oxidized  lead 
ore,  with  which  some  copper  nunerals  arc 
mixed,  consists  of  cerusite  and  IjuuUieimitc 
(hydrous  antimonato  of  load)  and  probably  a 
little  anglesite,  accompanied  by  small  amounts 
of  the  zinc  minerals,  most  conspicuous  of 
which  Is  amicholcite.  This  ore,  which  is  char¬ 
acterized  by  tho  yellow  color  of  the  earthy 
bindheimite  and  is  locally  called  ‘‘chlorides,’’ 
is  rich  in  silver,  and  one  small  sample  is  said 
to  have  assayed  821  ounces  to  t  he  ton.  Both 
lead  and  copper  ores  contain  more  or  less  block 
manganese  oxide.  Secondary  gangue  mlucrols 
are  finely  crystalline  to  chulcedouic  quartz 
and  cftlcite. 

The  War  Engle  claim,  a  short  dlstanco  north¬ 
east  of  the  War  Eagle  No.  2,  contains  copper 
ore  similar  to  that  just  de.scribcd  except  thfi.t  it 
lacks  specularite.  The  workings  are  opened 
by  an  indined  shaft  200  feet  deep  sunk  along 
the  hanging  wall  of  a  granite  porphyry  dike, 
along  whicli  bunches  of  ore  were  found.  A 
drift  on  the  200-foot  level  follows  a  vein  trend¬ 
ing  S.  70*^  W.,  which  also  follows  a  dike  hang¬ 
ing  wall.  A  winze  from  this  level  follows  the 
dip  of  the  vein,  which  is  said  to  expand  down¬ 
ward  to  a  width  of  4  feet  and  to  contain  rich 
ore  some  of  which  assays  1.3  percent  copper  and 
200  ounces  of  silver  to  the  ton.  The  average 
content  is  said  to  be  about  4  per  cent  copper 
and  16  ounces. of  silver  (o  the  ton. 
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Ou  the  Wiir  EusIli  l>rosppct,  coTisidoi-- 

ftbly  farther  nortli,  a  vein  tror.(iii)<r  N,  75°  E. 
nn(i  dipping  from  verHciil  to  steeply  north  has 
botai  mined  from  the  surface  for  lead  ore,  but 
(he  workings  were  not  accessible  when  visited. 
Oiv  seen  on  the  surface  consists  of  giJena  partly 
oxidized  to  cerusite,  accompanied  by  white 
ofttchcs  of  c.alaraine,  a  little  microscopic  smith- 
sonite,  and  brown  and  black  stains  of  limor.ite 
and  wad.  The  principal  ganguo  at  the  surface 
is  cnlcite  in  banded  columnar  masses  (traver¬ 
tine),  which  extend  in  places  2  feet  into  the 
foolwall  of  the  open  cut.  The  general  run  of  ore 
is  said  to  have  been  accompanied  by  soft  red 
iron  oxide.  Its  silver  content  is  not  stated,  but 
gold  to  t  he  value  of  S5  a  ton  has  been  reported. 

'ITie  relations  of  the  three  War  Eagle  pros¬ 
pects  indicato  that  the  tempcraluio  of  ore 
deposition  decreased  northward.  Though  not 
along  a  single  vein,  it  soenis  probable  that  the 
three  prospects  are  connected  by  a  system  of 
intersecting  approximately  north-south  and 
onst-west  fisaui'es.  The  mineral  composition 
of  the  War  Eagle  No.  2  ore  indicates  a  high 
temperature,  though  not  so  high  ns  that  re- 
fiuirod  for  contact-metamorphic  ore;  the  non- 
siliceous  type  of  load-zinc  oro  at  the  War 
Eagle  No.  .3  is  characteristic  of  deposition  at 
relatively  low  temperntures, 

OIUENT  WOnKLMOS. 

The  Orient  worlcings,  north  of  the  War 
Eagle  No.  .3,  were  inaccessible.  Ou  the  dump 
was  a  small  pile  of  oxidized  copper-iron  ore 
and  some  motamorphic  limestone  with  a  few 
green  copper  stains.  No  primary  ore  was 
fonnd. 

"loos"  OR  "issk"  mine. 

The  “1003,”  formerly  the  “  1888,”  mine,  near 
jhe  southeast  base  of  the  high  limestone  ndgo, 
Is  of  particular  interest  beoaiuse  of  its  varied 
character.  It  is  opened  by  an  inclined  shaft 
HO  feet  deep  and  by  150  feet  or  more  of  drifting 
on  the  45-foot  level,  mostly  east  of  the  shaft. 
The  country  rock  is  dolomitic  limestone,  partly 
nietamorphosed,  with  steep  eastward  dip. 
Quartzite,  which  outcrops  west  of  the  .shaft,  is 
said  to  bo  cut  by  a  short  winze  from  (he  west 
cad  of  the  45-foot  level, 

Jhe  deposit  consists  of  a  N.  15°  E.  quartz 
'^i  porallol  to  the  bedding,  intersected  at  the 
t  hy  an  east-west  mineralized  fissure  with 
southerly  dip.  The  quartz  in  the  main  vein 


MOUXTAjys. 

I  is  mostly  dense  and  cherty  but  is  well  crystul- 
,  lizod  around  cavities.  In  a  shallow  pit  200  feet 
north  of  the  shaft  the  vein  consists  of  quartz, 
barite,  and  galena.  The  baiite  forms  a  net¬ 
work  of  platv  crystals,  and  the  quartz  and 
galena  fill  the  interstices,  impregnate  the  barite 
crystals,  and  fill  cracks  in  them.  Pvrito  and  a 
few  specks  of  zinc  blende  are  minor  constitu¬ 
ents.  A  little  cerusite  and  secondary  quartz 
are  also  present  . 

The  material  in  and  cio.so  by  the  cross  fis.snrc, 
which  is  followed  by  the  shaft,  is  mainly 
quartz-fluorito-galcna  ore,  accompanied  in 
places  by  qiiartz-chnlcopvrite-galena  ore.  The 
variety  contHining  chakxypyrito  resembles  that 
from  the  War  Rnglo  vein,  bub  its  galena  is  more 
conspicuous.  I'he  chalcopyrite  forms  rela- 
i  tirely  pure  large  grsius  or  masses  some  of 
whicii  are  2  inches  in  diameter;  and  the  galena 
forms  fine-gniined  aggregntes  inclosing  a  few 
I  small  grains  of  chalcopyrite.  The  qimrtz  is 
I  fine  graine.d  and  resembles  quartzite  ai\d  chert. 

(  The  linorite  variety  consists  of  rather  coarse¬ 
grained  fluorite  and  galena  in  a  matrix  of 
cherty  quartz,  which  in  places  is  apparently 
absent.  The  oro  cut  in  the  shaft  and  along  tho 
di’ift  bo  tho  east  was  1  to  4  feet  thick  and  con¬ 
tained  an  average  of  22  per  cent  lead.  The 
principal  shoot  is  a  heavy  galena  ore  of  this 
general  type  on  the  east  or  hanging  side  of  the 
main  vein,  about  30  feet  north  of  the  drift  iJong 
the  croes  break.  It  lies  between  two  bands  of 
chert-t remohte  rock  and  extends  upward  from 
tho  level  at  45°  N.  5°  E.  Tho  walls  of  the 
stope  are  of  low-grade  fluorite-galena  oro  with 
varying  amomits  of  quartz. 

'ITic  composition  of  the  ore  rained  is  ns  fol¬ 
lows;  Gold  (trace),  silver  1.3  ounces  to  tho  ton, 

1  lead  46.8  per  cent,  copper  0.2  per  cent,  insoluble 
17.1  percent,  sulphur  5.1  percent,  iron  1.2  per 
cent,  lime  26.1  per  cent.  The  ratio  of  lead  to 
sulphur  indicates  that  foiu’-flfths  of  the  lead 
was  present  ns  galena.  The  low  silver  content 
of  this  slightly  oxidized  ore  is  in  striking  con¬ 
trast  to  tho  high  content  in  the  .thoroughly 
oxidized  antimonial  lead  ores  of  the  War 
Eagle  No.  2  and  Scotia  ininc's. 

A  variety  of  pro  containing  barite,  carlson- 
ate,  and  galena,  noted  only  011  the  dump  of 
the  ‘'1903"  mine,  forms  bands  in  and  con¬ 
tains  inclusions  of  the  quartz-galena  ore.  Tho 
barite  forms  a  tyi>icul  network  of  plates,  and 
the  other  minerals  fill  the  interstices.  The 
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carbontite  is  mostly  calcUe,  which  incloses 
small  rhombs  of  feiTuginons  dolomite. 

Secondary  ore  minerals  ere  limonite,  mala* 
chito,  chrysocx»lla,  cemsite,  and  calamine,  the 
calamine  indicating  the  former  presence  of  a 
considerable  though  minor  amount  of  zinc 
blonde.  The  secondary  gangue  minerals  are 
dnisy  quartz,  calcite,  and  aragonite  in  the  form 
of  tiifts  of  needlea  on  the  secondary  calcite. 

The  different  types  of  primary  ore  in  the 
“1903”  mine  include  most  of  those  found  in 
the  entile  district.'  Tlie  chalcopyrite-galena 
type  represents  a  transition  from  deposition  at 
rather  high  to  moderate  temperatures;  the 
fluorite  and  the  barite-quartz  types  are  be¬ 
hoved  to  represent  deposition  at  moderate 
temperatures,  an<l  the  barite-carbonate  type 
represents  a  still  lower  temperature,  and,  from 
its  structural  relations,  appeal's  to  mark  the 
last  stage  of  deposition.  Failure  to  find  the 
fluorite  and  barite-quartz  types  in  contact  pre¬ 
vents  a  statement  as  to  their  relative  ages. 
The  fluorite  type  iios  not  hccu  foimd  in  any 
other  mine  in  the  district. 

ALLAH  raU.'^PKCT. 

The  qiiartz-harito-gnlcna  type  of  ore  is  also 
represented  a  mile  north  of  the  “1903”  mine 
by  the  veins  on  the  Allah  property.  One  vein, 
4  or  5  feet  wde,  strikes  N.  10®  E.  and  dips  80° 
W.  and  is  associated  with  two  easl^west  veins 
traceable  for  considerable  distance  by  float. 
Voiy  little  prospecting  has  been  done  on  these 
veins.  Besides  the  well-defined  veins  several 
small  bunches  of  similar  composition  are  ex¬ 
posed  on  tlie  surface  and  in  the  198-foot  shaft 
and  appear  to  be  local  enlargements  of  tight 
fissures  or  at  the  intersections  of  fissures.  No. 
ore  has  been  mined  on  this  property,  but  the 
well-defined  veins  merit  more  attention  than 
tlicy  have  received.  The  presence  of  hmonite 
similar  to  that  in  the  Virginia  lode  was  men¬ 
tioned  on  page  440. 

SCOTIA  MINE. 

Tho  deposits  in  the  Scotia  inine,  at  the  north¬ 
east  base  of  the  high  limestone  ridge,  are  associ¬ 
ated  with  a  strong  quartz  vein  that  trends 
S.  65°  W.  to  the  south  of  the  Walker  shaft  and 
with  north-south  fissures  that  have  been  fol¬ 
lowed  from  the  shaft  northward.  The  vein  has 
been  developed  by  a  few  shallow  inclined 
shafts  and  by  about  450  feet  of  drifts,  inac¬ 


cessible  when  vi.sitcd;  and  the  north-south 
fissures  have  l)ceu  opened  by  a  1.50-foot  vertical 
shaft  and  by  drifts  and  inclines  on  tho  50,  86, 
and  1.50  foot  levels. 

The  quartz  vein,  called  the  “Blue .Jay”  vein, 
trends  S.  65°  W.  closely  parallel  to  a  raonzonite 
poi-phyry  sill,  and  probably  connects  \rith  a 
N.  15°  E.  vein  which  extends  along  the  east 
slope  of  the  high  limestone  ridge  and  on  which 
the  Eesuirection  (Prairie  Bell)  prospect  is 
locnte<l.  'fhe  Blue  Jay  vein  dips  70°-S0°  N., 
but  its  vertical  extent  is  not  known.  Work¬ 
ings  beneath  it  on  the  50-foot  level  were  inac¬ 
cessible,  and  those  on  the  150-foot  level  have 
not  exposed  any  prominent  quartz  veins.  The 
quartz  of  the  vein  varies  from  the  fine-gi’ained 
replacement  type  to  milky  and  well-crystal¬ 
lized  varieties.  It  contains  fine  grains  of  py- 
rite,  and  much  of  it  is  stained  with  malachite, 
azurite,  light-green  copper  ai'senates,  and  an 
unnamed  hydrous  lead  amenate,  perhaps  the 
equivalent  of  the  antimonate,  bindheiraite.  It 
is,  so  far  as  seen,  of  low  grade  but  has  jdolded 
some  very  rich  ore  from  its  hanging-wall  side. 
The  principal  ore  shoot  is  now  represented  hy 
the  “Bonanza”  open  cut,  which  e.xtenda  down¬ 
ward  across  the  bedding  of  a  shaly  limestone, 
known  as  the  “bonanza  shale,”  into  the  imder- 
lying  limestone.  Tliis  rock,  ut  the  open  cut, 
dips  40°-45°  N.,  steeper  than  elsewhere  on  the 
property  and,  together  with  the  shattered 
character  of  the  rock,  indicates  considerable 
disturbance  along  the  vein  fissure,  'fhe  ore 
impregnated  tho  laminae  of  the  shaly  rook  and 
evidently  replaced  the  limestone  below.  The 
shnly  character  of  the  rock  may  have  had  some 
influence  on  the  gold  content.  (See  p.  394.) 
Oxidation,  however,  further  concentrated  the 
metol  contents,  which  ran  well  in  gold,  silver, 
and  lead.  A  short  distance  west  of  the  “Bo¬ 
nanza”  open  cut  the  shaly  horizon  has  been 
e.Tcplored  by  inclined  shafts  and  drifts,  and  con¬ 
siderable  silver-lead  ore  containing  some  copper 
and  up  to  S33  to  the  ton  in  gold  is  said  to  have 
been  mined  from  them.  These  old  workings 
were  inaccessible  in  1913. 

The  ore  associated  with  tho  fissures  trending 
N.  15°  E.  hiis  been  followed  from  the  86-foot 
level,  west  of  the  Walker  shaft,  northward  and 
downward  below  the  160-foot  level.  The  ore 
horizon,  70  to  80  feet  thick,  is  in  the  limestone 
below  the  “bonanza  shale”  and  above  a  fmo- 
grained  granite  porphyry  sill.  The  primary 
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ore  minerals  aro  galena,  jamesonit^,  pyrite,  soluble  2.45  to  9  per  coat,  zinc  1.4  to  .3.3  per 
arsenopyrite,  anti  a  little  chalcopyrite  and  zinc  cent, sulphur 0.7  to3.S percent, audspeiss*  26  to 
blende;  tlio  secoudary  minerals  are  cerusite,  41  per  cent.  Tho  percentages  of  sulphur  show 
upclesite,  hindheimite,  a  hydrous  leau  arsenate,  that  most  of  the  ore  was  oxidized.  Some 
limonite,  and  hematite,  pharmacosiderite  aud  "boulder’’  ore  from  the  cave  is  said  to  have 
scorodite.  The  primn.'y  gangue  minerals  are  contained  60  per  cent  lead  and  200  ounces  of 
replacement  quartz,  which  has  replaced  lime-  silver  to  the  ton,  and  the  oxidized  arsenopyrite 
stone,  and  scalenohedral  calcite;  tho  principal  ore  from  310  to  815  of  gold  to  the  ton. 
secondarj’  mineral  is  calcite  ii\  crusts  and  Hat  The  changes  in  miticrnl  composition  of  the 
rhoinbobedroDS.  ore  imply  that  the  northern  part,  is  farthest 

The  main  oro  body  begins  oiiposito  the  shaft  j  from  the  source  and  that  the  metal  contents  of 
on  the  86-foot  level,  where  it  consists  of  a  tho  ore  decrease  in  value  northward,  especially 
little  gtdena  and  black  replac.einent  quartz  in  a.s  very  little  oxidation  has  taken  place  below 
a  mass  of  soft  hematite.  Mineralized  ground  the  1.5()-foot  level.  From  this  it  may  be  in- 
was  worked  from  this  point  northward  for  170  fened  that  the  ore  solutions  came  from  the 
feet  to  a  cave  w'hich  contained  several  loose  south,  possibly  from  the  “Blue  Jay’’  vein; 
l)oulders  of  high-grade  ore.  A  small  stope  ex-  hut  no  conuection  with  this  vein  has  been  cs- 
tonds  from  the  west  end  of  the  cave,  following  lublished,  and  the  fact  that  other  low-grndo 
a  northerly  fissure  down  to  the  150-foot  level,  quartz  bodies  have  been  found  but  not  cx- 
below'  which  small  amounts  of  ore  have  been  |  plorcd  suggests  that  the  ore  was  introduced 


foimd  close  to  the  fissure.  A  short  distance 
north  of  the  cave,  at  the  top  of  No.  6  raise,  a 
remnant  of  ore  consists  of  lenses  of  galena  aud 
jamesonite,  partly  oxidized,  along  a  silicified 
l)ed.  Considerable  ai'scnopyiite  and  pyrite 
("sulpirides’'),  said  to  have  foimed  a  easing; 
around  tho  galona-jamesonite  ore,  have  been 
mined  in  this  vicinity,  but  little  of  them  \i'us  in 
sight  in  1913.  The  arsenopyrite  is  partly  oxi¬ 
dized  to  the  hydrous  arsenates,  phamracosid- 
erite  and  scorodite,  and  to  earthy  hematite  and 
limonite. 

On  the  150-foot  level  twm  northerly  fissures,  j 
one  ou  either  side  of  tho  shoot  just  described, 
have  been  followed  along  inclined  winzes. 
Both,  are  accompaniod  by  small  bunches  of 
rather  fine  groined  galena  with  a  little  pyrite 
and  zinc  blonde  and  some  cupper  .stains. 
Quartz  is  inconspicuous,  and  calcite  is  the 
principal  visible  gangue  mineral.  These 
bunches  are  formed  mostly  along  bedding 
planes  close  to  the  fissure  and  just  above  the 
porphyry  sill.  The  eastern  fissure  lies  about 
80  feet  from  tho  main  stope,  and  the  bedding 
planes  of  the  intervening  ground  contain  small 
amounts  of  sulphides,  c.spocially  pyrite.  The 
western  fissure,  90  feet  from  tho  main  stope, 
is  not  so  clearly  related  to  it. 

Tho  oro  content  north  of  tho  shaft  has  in 
general  ranged  ns  follow's  according  U)  smelter 
returns;  Gold  0.19  to  0.35  ounce  and  silver 
16.85  to  34.6.5  ounces  to  the  ton,  lead  26.7  to 
^•75  per  coat,  iron  5.45  to  15.55  per  cent,  iu- 


through  some  nearer  channel. 

CONCLOSIOKS. 

'Ihe  ores  of  tho  West  Tintic  district  include 
several  varieties  which  grade  into  ono  another. 
They  were  iutroduced  through  tw-o  intorsectiug 
systems  of  fissures,  one  trending  N.  65°-’7.5°  E. 
and  the  other  N.  15°-20'’  E.  They  doubtless 
followed  the  more  open  coui’ses  along  these 
fissures,  and  formed  deposits  only  in  tnose  that 
varied  in  dimensions.  Flic  dojxisits  as  a  rule 
are  small  bodies  formed  where  conditions  wore 
especially  favorable  to  replacement  of  lime¬ 
stone.  It  is  a  striking  fact  that  the  largest  de- 
])osits  studied  are  not  in  the  vein  proper  but 
are  adjacent  to  it  in  easily  roplaceable  rock, 
shattered  zones,  or  along  branch  fissures. 
'Fliis  relation  is  illustrated  in  the  War  Eagle 
No.  2  by  the  small  shoots  of  high-grade  ore,  in 
the  “  1903”  mine  by  the  galena  shoot,  and  in 
the  Scotia  mine  by  the  “bonanza”  open  cut 
and  perhaps  by  the  6ro  body  north  of  the 
Walker  shaft.  The  fact  that  tho  Scotia  ore 
body  is  larger  than  the  othei-s  is  attributed  to 
the  uiimetamorphosed  state  of  the  limestone 
and  to  the  introduction  of  tho  ore  between  an 
impervious  roof  and  floor.  Tire  size  of  tl^ 
ore  body,  however,  is  small  when  compared  to 
those  in  the  average  mines  of  the  leading  dis¬ 
tricts,  and  it  must  be  concluded  that  ore  depo¬ 
sition  in  tho  West  Tintic  district  has  taken  place 

^  >  SMtOolcola.p.O}. 


444 


ORE  DEPOSITS  OF  UTAH. 


on  11.  corre.spontliiigly  small  scale,  and  under  con¬ 
ditions  that  did  not  favor  thecoiiceiitrution  of 
deposition  in  a  few  main  channels. 

The  work  done  justifies  the  conclusion  that 
wth  more  favorable  transportation  facilities 
the  district  could  maintain  a  small  steady  out¬ 
put,  hut  that  under  present  con<lition.s  there  is 
littio  hope  of  .steady  production. 

DKSEKT  MOUNT, UN. 

By  0.  P.  Lononiis. 

Desert  Mountain,  or,  more  appropriately, 
tie  Desert  Hills,  include  a  cluster  of  low  bare 
peaks  which  lie  about  12  miles  southwest  of  the 
West  Tintic  mining  district.  The  nearest 
railroad  station  is  Jericho,  about  20  miles  to  the 
east.  (See  fig.  46.)  'fhereianowater  at  Desert 
Mountniu;  the  nearest  supplies  are  at  Judd 
Creek,  8  miles  north-northwest,  on  the  road 
to  Simpson  Mountains,  and  at  CHiorry  Creek  in 
the  West  Tintic  district,  12  miles  cast. 

GEOLOGY. 

Only  the  western  facu  of  the  mountain  was 
visited,  'llie  rock  here  i.s  mostly  a  light-gray 
gi-anite  cut  by  a  few  diabase  dikes.  Apophyses 
from  the  gi'nnitc  are  intrusive  into  a  dark 
quartzite  which  has  not  been  studied  closely, 
but  which  presents  the  same  dark  colors  on 
wonthcred  suHaces  ns  does  the  pre-Ciunbrinn(  ?) 
qunrtzite  series  of  the  Sheoprock  Mountains 
and  the  southern  Simpson  Mountains.  The 
qunrtzite  is  exposed  at  the  southern  and 
northorn  end  of  the  mountain  and  in  low  knolls 
which  extend  to  tho  northeast.  Detritus  from 
the  principal  valley  which  dniins  the  southern 
part  of  the  mountain  area  contains  a  large 
number  of  pebbles  of  volcanic  rocks  (mostly 
rhyolitic),  but  no  oxtnisive  rocks  wore  seen  in 
place. 

Tlio  granite  is  light  gni^’  and  ranges  in 
texture  from  even  grained  to  poi-phyiitic.  Tno 
main  body  is  much  ci-umblod  on  the  surface, 
is  medium  grained,  and  in  places  contains 
phonocrysts  of  olkalic  feldspai-  (microcline)  and 
of  quartz  half  an  inch  in  diameter.  Its  princi¬ 
pal  minerals  are  white  feldspar  (both  plegio- 
clnse  and  microcline),  gr.ay  ^nssy  quartz,  and 
black  to  brownish  flakes  of  biotite.  Another 
type  is  nn  nplite  which  forms  dikelike  and 
iiTeguIar  masses  in  the  main  body,  to  which  it  is 
similar  in  color  but  is  much  finer  grained.  It  is 
fresh  oven  close  to  the  surface  and  in  addition 


)  to  the  .shove  minerals  contains  a  small  per¬ 
centage  of  muscovite.  It  also  contains  pheno- 
I  crysts  of  feldspar  and  qumlz,  few  of  which  are 
,  conspicuous.  Many  of  the  uplitic  dikes  have 
cc)ar3e-grained  pegmatitic  variations  which 
grade  into  massive  quartz  veins.  Several  such 
quartz  occurrences  outcrop  along  the  road 
among  the  low  hills  just  north  and  northeast 
of  the  Rockwell  shaft,  but  none  are  large 
enough  to  be  of  any  economic,  interest  or  to 
show  liny  promising  indications,  of  metul 
contents. 

'Jiao  diaba.se  i.s  dork  greenish  gray  and  has  a 
fine-giained  ophitic  texture,  except  lUong  the 
*  dilco  margins  and  narrow  offshoots,  where  it  is 
i  black  and  dense.  The  visible  minerals  are 
white  feldspar  in  short  rodliko  grains,  in  a 
soft  dark-green  chloritic  material.  There  is  a 
suggestion  of  i)orphyTitic  texture  in  places,  a 
chloritized  <lurk  material  (presumably  augilo) 
forming  small  phonocrysts.  Microscopic  study 
shows  the  feldspar  to  be  principally  plagioclaso 
(Ajiji)  accompanied  by  a  littio  orthoclusc. 
The  composition  of  the  former,  more  sodic  than 
in  the  average  diabase,  and  tho  presence  of  the 
'  latter  are  charactera  tending  toward  those  of 
,  monzonite. 

Both  the  topography  and  distribution  of  tho 
qinu'tzite  and  granite  suggest  faulting,  esiie- 
cially  around  the  vjJloy  just  mentioned,  but  no 
faults  were  proved.  Tlie  granite  is  thoroughly 
fissured  in  several  directions,  the  principal 
systems  trending  north-south  (dipping  45°-60'’ 
W.)  and  east-west  (<JippLng  60°-65°  N.).  In 
both  of  those  systems  sheet  jointing  is  very 
conspicuous.  Another  strong  system  has  gen¬ 
tle  dip  and  near  the  quartzite  approximately 
parallels  tho  intrusive  contact. 

OBE  DEPOSITS. 

llie  only  knowui  important  ore  deposit  in 
Desert  Momitain  is  the  vein  followed  by  the 
Rockwell  inclined  shaft,  near  the  northwest 
end  of  the  mountain,  south  of  a  group  of  hy 
footliills.  There  are  a  few  other  prospects  in 
the  vicinity,  but  only  a  little  work  has  been 
done  on  them.  The  vein  follows  a  noi  th-south 
sheeted  fissure  zone,  which  dips  60°  W.  The 
outcrop  of  copper-stained  rock  is  6  to  8  feet  wide. 
It  is  partly  covered  by  dump  debris  but  m 
exposed  for  at  least  50  feet  south  of  the  shftfb 
which  begiixs  in  ore.  Tho  cliffs,  however,  on 
the  spur  just  north  of  tho  shaft,  although  they 
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fire  cut  by  a  strong  north-south  fissure  zone  in  , 
line  with  the  vein,  show  no  vein  materinl. 
Any  southern  continual  ion  of  the  vein  is  con¬ 
cealed  beneath  alluvium.  Tho  inclined  shaft 
is  said  to  bo  235  feet  deep  and  to  follow  the 
vein  along  it«  dip  for  almost  the  entire  dis- ; 
tance,  but  it  wtis  aceessiblo  to  a  depth  of  only  ; 
about  100  feet.  The  ^vidtb  of  tJio  vein  through 
this  distance  varies  considerably.  At  one  place 
(ho  sheets  of  granite  between  close  parallel  i 
fissuias  ai-c  impregnated  ;md  strongly  stained 
wth  tho  blue  silicato  or  green  cjuhonato  to  a 
thickness  of  3  to  4  feet;  at  another,  minerivliza- 
tiou  is  limited  to  a  few  stceaks  of  tho  silicate  or 
CiU-bonato  along  the  hanging  wall  of  tho  fissui-e 
zone.  At  no  place  is  replacement  of  the  granite 
very  pronounced,  and  the  avoi’Oge  copper  con¬ 
tent  can  not  be  much,  if  any,  over  5  per  cent. 
Tlic  bottom  of  the  shaft  cuts  a  diabaso  dike 
which  is  said  to  lie  along  tho  footwoll  of  tlie 
vein.  Fragments  of  this  diabase  on  the  dump 
are  miuenrlized,  proving  the  dike  to  bo  older 
than  the  vom. 

The  priraary  ore  is  chjilcop3’^ritc  in  large  and 
small  ii-regnlur  gi-ains  partly  altered  to 
browmish-block  iron  oxide,  accompanied  by  a 
httle  ppate  in  small  irregular  grains.  It  occurs 
both  in  fissure  fillings  and  in  grains  impreg- 
nadng  tho  granite  and  diabase.  Tho  ganguc 
minerals  are  quartz  and  barite,  which  fill 
cavities  and  impregnate  the  wall  rock  for  «ui 
inch  or  two,  so  that  no  sharp  line  ciui  be  drawn 
between  vom  and  Avail.  The  textiu’o  of  the 
impregnated  granite  is  preserved,  but  its  feJd- 
spius  and  biotite  oi-e  completely  replaced  by 
aggregates  of  microscopic  sericite,  quartz,  and 
sulphides.  Secondary  luinenvls  are  bro'vnish- 
black  iion  oxide,  which  miurks  the  former 
presence  of  chalcop\Tifce  in  p»u‘tly  or  wholly 
Icachod  rock,  and  chrj'socoUa,  which  with 
malachite  and  secondary  quartz  fills  veinlets 
cutting  oil  the  minerals  of  vein  and  wall  alike, 
including  the  brownish-black  iron  oxide.  Tlie 
secondary  quartz,  either  as  minute  glassy 
crystals  or  na  clinJcedonj",  continued  to  be 
deposited  even  after  the  copper  silicato  and 
carbonate. 

Tho  whole  shaft  is  above  water  level,  hut  the 
downward  loiwdung  of  the  ore  is  far  from  com¬ 
plete.  ChiUcopyrite  can  be  found  close  to  tho 
surfiAce,  and  considerable  leaching,  to  judge 
j^in  mineralized  diabase  fragments  on  the 
has  taken  place  at  the  bottom  of  the 


shaft.  Clirysocolla  and  raalacliite  are  dis¬ 
tributed  all  along  the  shaft  .and  drift  widls  and 
sliow  no  special  tondonoy  to  eoncoutrate  into 
bunches  of  high-grade  ore. 

.'Vltnough  tho  mineralized  material  is  of  Iiigh 
enough  grade,  especially  if  concent  r.ated,  to 
pa\'  under  more  favorable  circumstances,  the 
long  wagon  haul,  the  raili-oad  and  smelter 
charges,  and  the  lack  of  Avatcr  prevent 
profitable  worldug  luider  present  conditions. 

SIMPSON  MOUNTAINS  (ERICKSON  DISTRICT). 

By  G.  F.  LounuLiv. 

GENERAL  TEATUBES. 

Tlic  Simjrsoa  Mountains,  also  knoum  locally 
as  the  Judd  Creek  Mountains,  are  about  IS 
miles  long  from  north  to  south  and  2  to  6  miles 
wide  and  are  bisected  by  latitude  40°  N.  and 
inclosed  between  longitude  112°  39'  and  112° 
43'  W.  They  are  sep:irated  by  an  aUiivial 
volley  on  the  east  from  the  Sheeprock 
Mountains  and  by  tho  old  river  bed  on  the 
west  from  the  McDowell  !Moimtains.  (See  fig. 
4S.)  'Fheir  northern  piu-t  is  crossed  through  a 
pass  by  a  stage  road  from  Fausts  to  the  DugAvay 
Moimtalns;  their  raiddlo  part,  iuclndnig  Indian 
Springs  post  office,  is  rcaohefi  by  a  road,  through 
the  Sheeprock  Mount^is,  from  Vernon,  or  by  a 
valley  road  from  Pkiusts;  and  thoir  soulhora 
part  is  most  e^isily  reached  by  road  through 
the  West  Tin  tic  ^loun  tains  from  Eureka  imd 
other  towns  in  the  'fintic  mining  district. 
Each  of  these  routes  requires  at  least  a  day's 
travel  on  horseback  or  with  a  light  rig. 

A  few  springs  in  canyons  along  tho  lower 
slopes  afford  sites  for  camps.  Simpson  Spiiug, 

I  the  northernmost,  is  on  tho  west  slope  about  3 
miles  south  of  the  north  pass.  A  few'  prospects 
are  located  hero,  hut  none  were  reported  jxtive 
in  1912.  Lidian  Springs,  also  on  the  west 
slope,  in  the  long  west-draining  canyon  of 
Indian  Creek,  wdiich  cuts  tho  nuigo  nearly  in 
the  middle  and  is  separated  from  tho  northeast- 
waixl  dralniige  hy  a  low  flat  divide,  furnish 
water  for  the  O.  K.  Silver  Mining  Co,,  w'hose 
mine  is  the  only  one  active  at  piescnt,  and  for 
the  irrigation  of  land.  Sixmile  Spring,  about 
4  miles  south  of  Indian  Springs,  Ls  tho  site  of 
temporary  prospectors'  camps.  Death  and 
Blaino  canyons  on  the  south  slope  contain 
springs  which  supply  water  to  a  few  prospectors 
aud  to  ranging  herds.  Judd  Creek,  cost  of 
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thcso,  supplies  water  for  a  riincli  and,  except 
in  the  driest  swisons,  flows  far  enough  south- 
waid  to  afford  a  watering  pl>ice  on  the.  road 
from  Tintic.  Desert  Spring  on  tho  southeast 
slopo  is  a  similar  watoriiig  place  on  t  he  l  oad  to 
tho  Shcoproe.k  Mountains  and  to  Vernon. 
Limited  growth  of  cottonwoods  juid  other  trees 


tary  but  are  cut  by  n  few  porphyry  ilikes  and 
ore  covered  in  places  by  remnant.s  of  voleanic 
flow>!. 

.SEDIME.VTARY  ROCKS. 

The  sedinieufary  rocks  may  be  di\’ided  into 
a  lower  series  composed  mostly  of  dark- 
weathering  chloritic  quartzite  and  shale  and 


Fiaunc  IS.— CoDlour  map  ihindns  poaUani  of  Simpson  and  McDowoll  raouatalns,  Funiarolo  Uutte,  etj  Mountain. 


are  grouped  .■u-ouiul  several  of  tho  .springs,  but 
only  stunted  jnnipera  (“cedars”)  and  some 
movmtain  pino  grow  elsewhere,  llio  junipera, 
howovor,  arc  largo  enough  to  furnish  mine 
timber  for  preseuit  developmont-s. 

OEOLOQY. 

The  Simpson  Mountains  were  studied  only 
around  Blaine  and  Death  canyons  and  Indian 
Springs.  The  rocks  here  are  mostly  sedimen- 


nn  upper  series  composed  mostly  of  a  lightcr- 
weathermg,  nearly  pure  quart-zite  >vith  a  few 
intercalated  beds  of  limestone,  shale,  and 
chloritic  quartzite. 

CHARACTER  AKD  DISTRIBITTIOH. 

The  lower  series  makes  up  all  the  ridges  from 
the.  southern  base  of  the  range  as  far  as  the 
divide  that  separates  the  southward  drainages 
of  Death  and  Bloino  canyons  from  the  north- 
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ward  and  westward  drainage,  of  U'o,  Indian 
Creek,  and  other  eanyous.  Its  thickness  Is 
very  great,  cinounting  to  some  thousands  of 
feet,  hut  can  not  l>e  accurately  estimated  until 
the  faults  arc  carefully  mapped,  ns  th<*y 
obviously  cause  some  repetition.  The  serit's 
is  composed  tlu-oughout  of  irregularly  alternat¬ 
ing  beds  of  greenish  shale,  dark  and  light, 
quartzite,  and  conglomerate;  hut  green  shale 
is  most  conspicuous  on  the.  lower  southern 
spurn, especially  at  altitudes  helowCamp  Blaine  ; 
green  ehloiilio  quartzite  is  most  prominent  for 
the  next  SOO  to  1,000  feet  ivbove;  a  band  con¬ 
taining  considerable  pure  quartzite  l’oUo^^s; 
and  a  considerable,  thickness  of  coarse  con- 
glomci-ftto  with  thin  alternating  beds  of  shale 
and  quartzite  covem  all.  The.  shales  tlirough- 
out  contain  abundant  mud  cracks,  and  the 
quartzites  are  commonl}’’  ripple-marked  and 
cross-bc'dded.  These  characters,  together  with 
the  abrupt  alterations  between  conglomerate 
and  shale  and  an  absence,  of  fossils,  iiKlioate, 
although  they  do  not  prove.,  continenlaJ  depo¬ 
sition. 

The  ehloriue.  quartzite  is  greenish  gray  to 
dark  purple,  w'eathering  to  a  brown.  It  is  verj’ 
5nc  grained  and  faintly  banded.  No  minerals 
can  bo  identified  raegaacopici\Jly  save  minute 
spiukfing  specks  of  quartz.  The  rock  consists 
of  subaiigular  grains  of  quartz  and  a  few  of 
plagioclase  and  mica  in  a  fcltliko  mnti’bv  of 
soricite,  chlorite,  calcite,  and  secondary  quartz. 
With  increase  of  matrix  and  corresponding 
diirinution  in  size  of  quartz  grains  tlie  rock 
passes  into  shale.  The  conglomerate  beds  ore 
composed  almost  wholly  of  quartz  pebbles, 
iucluding  milky  and  smoky  vein  quartz,  ehal- 
ccdonic  <|imrlz,  and  occnsionnll}'  quartzite, 
m  a  more  or  less  argillaceous  sandy  matrix. 
Pebbles  of  granite,  granite  porphyiy,  and 
locally  of  gneiss  are  also  common,  though  quite 
subordinate  to  the  quartz.  One  conglomerate 
apd,  containing,  be.sides  quartz,  pebbles  of 
fine-grained  ferruginous  sanrlstono  cemente<i 
pnncipally  by  more  or  less  o.xidized  pyr'te.  is 
Sold  to  assay  .52.60  in  gold,  which  is  probably 
Pontained  in  the  p^Tite  cement  of  the  feiTu- 
?iuou3  sandstone  pebbles. 

^pur  the  summit  of  the  southermnost  peak 
Past  of  Blaine  Canyon  and  not  far  from  the 
PPuglomerate  horizon  a  dark  calcareous  shale 
'Pd  is  exposed;  but  no  limestone,  except  a 
I  isolated  exposure  of  Ircmolite  rock  in  the 


.MOVXTAfXS.  <147 

bed  of  a  shallow'  south-sloping  gulch  west  of 
the  Happy  Ja/.k  mine,  is  known  to  exist  in  the 
lower  series.  I’his  rock  is  gray  to  greenish  gray 
on  flesh  fructui'o  but  badly  rust  stained  on 
weathered  surfac.es.  Among  the  interlocking 
tremolite  blades  are  the  w’eat.hei'e.d  remnants 
of  pjTitc  cubes,  mostly  interstitial  but  a  few 
included  in  tremolite.  This  roc’.k  is  evidently 
the  metamorphie.  equivalent  of  a  lIinestonG  bod 
well  down  in  the  horizon  of  prevailing  shales. 

North  of  Death  Canyon  and  along  the.  divide 
into  Lee  Canyon  the  rocks  differ  markedly 
from  those  farth(»r  sou  th.  The  peaks  along  the 
(Uvido  consist  of  a  imiformly  colored  quartzite 
which  appears  to  rest  confonnably  upon  the 
(lark  beds  of  the  low'cr  series.  A  short  dis¬ 
tance  down  Lee  Canyon,  along  a  local  anticlinal 
flexure,  a  bed  of  dark-blue  eherty  dolomitic 
limestone  is  exposed  within  the  quartzite. 
Aecorduig  to  the  strike  and  dip  of  the  whole 
formation,  this  dolomitic  bed  should  bo  e.x- 
pected  to  outcrop  in  the  head  of  Death  Canyon, 
but  no  such  bed  was  found  there,  and  it  is 
tentatively  concluded  that  tlie  dolomitic  bed 
is  a  lens  or  changes  southward  to  a  shuly  mem¬ 
ber  near  the  top  of  tho  lower  series.  West  of 
!  Lee  Canyon  down  Indian  Springs  Canyon, 
two  or  three,  other  stratigraphically  low'er  lime¬ 
stone  beds  that  olternato  with  light  and  dark 
quartzite  vary  from  light  to  dark  and  from 
finely  granular  to  dense  and  shal}'.  They 
appear  to  change  southward  into  .shaly  or 
quartzitic  beds,  but  none  of  them  was  fol¬ 
lowed  for  any  considerable  distance  along  its 
strike.  The  lowest  crosses  the  canyon  just 
below  the  Indian  Springs  post  office,  w'horo  it 
overlies  dark  beds  like  those  of  tho  lower 
series.  Detailed  areal  work  may  require  a 
different  interpretation.  The  light-colored 
quartzite  which  overlies  tho  dolomitic  bed  in 
Lee  Canyon  appears  to  form  all  the  peaks  oast 
of  Lrt-e  Canyon  and  north  of  Indian  Springs, 
but  none  of  these  peaks  was  ascended. 

AOE  AND  CORRELATION. 

Fossils  collected  by  L.  D.  Burling  in  1905 
prove  tho  limestone  be<ls  to  be  of  Middlo  Cam¬ 
brian  age.  According  to  the  tentativo  inter¬ 
pretation  that  the  limestones  change  southward 
into  sbnly  members  of  the  lower  series,  tho 
upper  jiart  of  that  series  is  also  Middle  Ciun- 
brian  and  the  lower  part  Lower  Cambrian  or 
earlier.  Tlie  general  similarity  of  the  lowei- 
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series  to  tlie  oldest  rocks  in  the  Shccprock  liiuigc 
on  the  east  also  suggests  verj'  early  Cambrian  or 
pr^.'ambrian  ago. 

IGNEOUS  ROCKS. 

The  igneous  rocks  include  a  lew  dikes  or  sills 
of  grnnodioi’ite  porphyTy  and  inonzonito  por- 
phjTV  and  remnants  of  ecjuivalcnt  extrusive 
rocks.  One  diabase  diko  also  was  found. 

ORANODIOniTE  PORPHYRY. 

Five  dikes  (or  sills),  ranging  in  textui'e  from 
gronodiorite  porph3Ty  to  dacite  porphyry  and 
locally  culled  “cpiartz  porphyry,”  were  found. 
One  of  these,  6.5  feet  in  ndilth,  trends  nearly 
south  in  a  shallow  southwest-sloping  gule.h  Just 
west  of  the  low  knoll  by  the  Happy^  Jack  mine. 
The  dike  wuis  not  tracerl  for  anv  considemble 
distance  but  is  said  to  contlnuo  northward  Just 
west  of  the  divide  between  Death  and  Blaine 
canyons  for  nearly  a  mile.  The  rock  is  light 
gray  and  very  fine  girdned  to  doruse  porphyritic. 
The  uniform  white  color  of  the  altered  feldspar 
phenociysts  and  groundraass  gives  it  a  more 
gmuitic  appearance  than  is  reidly  the  cirse. 
The  phenocrysta  include  altered  plagiocluso 
crystals  up  to  5  millimeters  in  length,  quartz 
single  grains  and  aggregates  up  to  4  milli¬ 
meters  in  diameter,  biotite,  mostly  faded,  in 
6-sided  and  irregular  jdatca,  and  dark-gieenish 
(altered?)  hornblende  in  prisms  2  to  3  milli- 
moters  in  length.  The  groundmass  consists  of 
irregular  grains,  1  millimeter  or  less  in  diameter, 
cliiefly  of  quartz  and  feldspam,  but  is  much 
obscui’ed  by  altenition  to  soricite,  epidote,  and 
chlorite.  Owing  to  the  alteration  and  to  un¬ 
certainty  as  to  ratio  between  plagiodase  and 
alkalic  foldspar  it  is  impossible  to  classify  the 
rock  exactly.  It  is  either  a  granodiorite  or  a 
quartz  inonzonilo  intrusive,  but  is  distinctly 
more  acidic  than  the  inonzonite  described 
below. 

A  short  distance  nortliwest  of  the  above 
occurrence,  in  a  shallow  south-sloping  gully,  a 
dike  or  sill  of  similar  composition  but  finer  tex- 
timo  outcrops.  Of  the  olhei’  dikes  of  this  gi’oup 
one  60  foot  wide  trends  N.  20°  E.  across  the  o^ist 
spur  of  the  southernmost  peak  east  of  Blaine 
Canyon.  A  large  dike  outcrops  wdth  n  N.  70° 
W.  course  on  the  east  side  of  the  Blaine  Can¬ 
yon  road,  about  1,500  feet'  southeast  of  the 
Happy  Jack  tunnel.  A  smsill  dike  w\’is  found 
farther  south  in  the  wash  of  the  gulch  just  west 


of  the  knob  at  the  mouth  of  Blaine  Canyon,  but 
its  trend  could  not  be  determined.  A  small 
dike  was  also  found  at  a  small  prospect  on  the 
west  side  of  the  Death  Canyon  road  near  the 
Utonia  lower  tujmel. 

MONZOniTE  PORPHYRY. 

The  monzonite  porphyiy  is  medium  to  dark 
gray  and  veiy  fine  grained  porphjTitic.  The 
phenoorysts  include  plngiochise  (An^o-«)j  hiotito, 
hornblende,  and  a  few  quartz  giains.  Small 
pyrife  grains  arc  also  present.  Some  small 
ilark  patches  or  sogi'egations  evidently  owe 
then'  darker  color  to  a  general  lack  of  pheno- 
oiysfs.  The  groundmass  consists  of  srndl  but 
fairly  well  formed  laths  of  plagiodase  and  horn¬ 
blende,  virtually  the  smallest  of  the  pheno- 
cryrsfs,  embedded  in  a  matrix  of  alkalic  feldspar 
and  quartz  with  little  or  no  biotite.  Micro¬ 
scopic  quartz  amounts  to  about  10  per  cent  of 
the  rock. 

In  mineral  composit  ion  the  monzonito  closely 
resembles  the  granodiorite,  differing  from  it 
pronouncedly  only  by  its  greater  abundance  of 
black  minerals  and  it.s  coirespond  ing  lack  of 
quartz.  The  plagiochise  feldspars  in  the  mon- 
zonite  are  somewhat  less  sodic  than  those  in  the 
granodiorite.  The  two  roclcs  evidently  had  a 
common  source,  but  it  is  not  known  wdiich  type 
was  enipted  first. 

DIABASE. 

The  one  diabase  diko  foimd  outcrops  on  the 
west  slope  of  the  ridgo  west  of  Death  Canyon, 
at  its  south  end,  and  at  about  the  same  eleva¬ 
tion  as  the  Good  Hope  and  the  Last  Hope  No. 
3  tunnels.  The  diko  treads  about  north  end 
south  through  dark  quartzite  hnd  shale  but  is 
not  woU  exposed  for  any  considerable  distance. 
It  is  dark  gi'ay  on  fresh  fractures  but  weatbera 
dark  brown — about  the  same  color  os  the 
weathered  quai’tzito  around  it.  It  has  the 
typical  fiue-gi’ained  ophitio  texture,  inten'upted 
by  a  few  small  round  feldspathic  .spots  less 
than  half  an  inch  in  diameter.  The  visible 
minerals  are  ph^oclose  (An«),  biotite,  and  R 
dull  indeterminable  matcnal  wliich  the  micro¬ 
scope  proves  to  be  lUtered  augite.  A  little 
micixMcopic  alkalic  feldspar  may  bo  present  ui 
the  interetices  between  plagiodase  crystals, 
aud  smjJl  aggregates  of  seo'pentiue  represent 
the  former  presence  of  olivine.  A  little  horn¬ 
blende  is  also  present.  Colcito,  the  most  con¬ 
spicuous  altcratiou  product  other  than  serpen- 
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(jjjp,  is  nccompaiiied  by  soricito  and,  in  u 
veln'let,  is  iiit<^rgiown  with  aliniite,  A  littlo 
chloritG  and  cpidotc  arc  also  prc-SiMit.  The 
gbiuidiinco  of  biotiLo,  the  o})fcical  cliaractcr  of 
the  augite,  and  the  prc'senoc  of  bi-o^sTi  horn¬ 
blende  give  the  rock  a  distitict  rosembhinco  in 
chariicler  to  the  latitcs  and  andesites  hi  the 
Tintic  and  other  districts  of  LTah,  and  it 
tberefoa*  scem.s  probable  that  the  diabase  as 
well  as  the  granodiorito  and  inouzonito  por- 
piivries  belongs  to  the  great  series  of  Tertiary 
igaeous  rocks. 

EXTRUSIVE  ROCKS. 

Kcmnsints  of  lava  flows  were  noted  at  the.  low 
divide  between  Indian  Springs  ;uid  Leo  can¬ 
yons,  and  on  the  low  lulls  on  tho  north  side 
of  Indiiin  Creek  just  west  of  the  Indian  Cliicf 
shafts,  llie.  one  on  the  diiddo  includes  tuffs 
and  flows  of  ande.sitic  or  latitic  composition. 
Tlic  other  is  a  dense  rhyolite  with  phcuocry.sts 
of  quartz  and  9.anidLnc  (glas.sy  orthoclasc)  and 
weathered  renmants  of  plagtoclaso  and  a  very 
small  amount  of  black  minerals.  Small  frag¬ 
ments  of  obsidian  (black  volcanic  glass)  have 
been  picked  up  at  sovcrid  pluce.s  on  tho  slopes. 

Tlicse  surface  flows  are  found  only  in  valleys 
nnd  on  lower  hills,  proving  that  the  eruptions 
took  place  when  the  topograph}'  wa.s  mnoh  as  it 
is  to-day.  How  fiu’  they  e.xtond  is  not  Icivown, 
but  probably  similar  romnanta  occur  in  some  of 
the  broader  valleys  and  on  the  lower  ridges 
flaaking  tho  range. 

STRUOTTOK. 

Tho  structure  in  the  part  of  tho  range  near 
Dliiiue  and  Death  canyons  and  Indian  Springs 
is  for  the  most  part  homoclinal,  tho  strata 
striking  northwest  and  dipping  NE. 

At  the  south  end  of  tho  ridgo  west  of  Death 
Ctnyon  is  a  gentle  anticlinal  flexure  \vith  north¬ 
erly  pilch,  which  dies  out  northwai-d,  and  just 
Borlh  of  tho  divide  betwoen  Death  and  Lee 
canyons  is  a  similar  flexuic.  These  are  the 
cnly  cxceptioiLs  noted  to  tho  general  north- 
C'lstward  dip. 

The  principal  structural  features  of  tho  armi 
aro  fissuring  and  faulting.  The  most  pronii- 
fissm-es  trend  parallel  to  tho  bedding, 
y-irlh  to  N.  15“  W.  and  X.  65°-S5“  W.  Other 
'aults  and  fissures  trend  N.  70“-80'’  E.,  N. 
40  -50“  E.,  X.  20“  E.,  and  X.  45°  W. 

o^t  of  the  fissures  parallel  to  the  bedding 
strongly  slickensided  and  may  mark  faults 
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of  considerable  displacement,  though  the  extent 
of  displacement  along  any  particular  bed  luis 
not  been  found.  Soverid  bedded  fissures  are 
muKiralizcd. 

Kissures  striking  north  to  N.  15“  W.  (nc»uly 
parallel  to  the  strike  of  the  rocks)  inclndo  both 
bniTen  ami  ininer;ilized  fissures.  Tho  barren 
fissures  are  strongly  slickensided  and  .aecom- 
panied  by  faulting.  At  a  sniall  prospect  on  tho 


Puvas  W.— Fault  of  ttitp  wvtward  dip  cut  od  by  a  bodilliiK  fault  at 
a  small  prospoct  on  tho  >juthcra  pcolc  nut  of  Csmp  Bbtof,  Slmp- 
aoii  Mou,itnios. 

southern  peak  cost  of  Camp  Blaino  (fig.  49)  a 
fault  of  steep  westward  dip  that  cuts  off  a 
d.ark  calcareous  shale  bed  i.s  itself  cut  off  by  a 
fault  along  tlio  bedding.  Another  fault,  a 
rovorsG  one  with  strike  N.  5“-10“  W.  and  dip 
42“  lY.,  is  exposed  for  a  considerable  distance 
along  the  Blaino  lower  tunnel.  It  finally 
flattens  rather  abruptly  and  its  upper  end 
merges  with  a  bedding  phuie  that  dips  gently 


FlOtTS*  to.— Rovora  t.uillo\pa»eil  lii  Blaino  lower  luor«l,  Comp  Blaine, 
Slmp*>--»  MounUlnv  Part  oicpoMd  at  dlltemnl  placoj  along  tunnel 
Inctowd  In  dotted  Miuare. 

eastward  (fig.  oO).  Tho  mineralized  fissures  of 
tho  system  that  trends  north  to  N.  15“  W.  can 
not  1)0  followed  on  tho  suifaco  for  any  coRsider- 
ablo  distance. 

Fissures  that  strike  X.  6o“~85“  W,  and  dip 
steeply  north  aie  the  most  persistent  of  any 
found  but  aro  relatively  short  compared  to  the 
strong  fissures  of  the  laiger  mining  districts. 
Most  but  not  all  of  them  ore  mineralized.  Tho 
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most  persisU'.nt  of  this  system  uro  the  iimiii 
fissures  in  the  upper  Blaine  tunnel  and  in  tlic 
Silver  Reef  tunnels,  thu  Blaine  fissure  having 
been  followed  for  at  least  400  and  the  Silver 
Reef  ILssuxo  (in  the  lower  tunnel)  for  over  500 
feet.  Other  fissuics  of  the  same  system— for 
example,  the  West  End  fissure  of  the  Blaine, 
and  the  principal  lissure  of  the  Happy  Jack 
workings-  have  not  proved  continuous  either 
horizontally'  or  vertically,  but  after  a  short 
distance  branch  into  a  number  of  fnictures 
and  disappear  wtliiu  a  few  feet.  1 1  is  pi  obable 
that,  where  sucii  a  fisauro  ends  a  second  parid- 
lol  fissure  begins  near  by  and  virtually'  <‘on- 
thiups  the  fust ;  but  the  finding  of  tho  continua¬ 
tion  is  a  matter  of  ehjuic.o.  Alineralized  brunch 
fis.sures  trending  in  different  directions  m'  con¬ 
nected  with  these  main  fissuivs.  The  strikes 
of  those  noted  arc  N.  80°  E.,  N.  70°  E,,  N. 
50°  E.,  and  N.  45°  W.  'Hie  dips  where  meas- 
ui-eil  are  southerly'. 

Tlie  only  other  fissure  worthy  of  mention 
is  a  N.  40°  E.  fault  fissure,  with  small  dis¬ 
placement,  seen  on  tho  ridgo  cost  of  Blaine 
Oany'on.  Boldos  these  fissin'Ps,  others  in 
vaiious  directions  m-c  associated  with  rock 
shattering  and  acuiessory  to  tho  stronger 
fiasures,  as  in  the  Happy  Jack  tunnel. 

'riic  dikes  lie  mostly  parallel  to  the  north  to 
N.  15°  W.  and  the  N.  fi5°-85“  W.  fissure  sys¬ 
tems;  but  one,  wliich  outcrops  on  the  oastspui- 
of  tho  southern  peak  east  of  Blaine  Canyon,  is 
60  feet  thick  and  trends  N.  20°  E. 

Tho  entie.'il  fcaturo  of  the.  fissures  is  their 
lack  of  coiitinnitv.  vSome  of  them,  including 
those  parallel  to  tho  bedding  and  tho  barren 
faults  not-cd  in  tlie system  that  strikes  north  to 
N.  15°  W.,  Hjipear  to  have  been  formed  during 
the  pi'riod  of  compression  which  produced  the 
anticlinal  flexures.  This  force  was  evidently 
insufficient  to  produce  intense  folding  in  the 
district,  though  capable  of  sheanng  the  locks 
and  producing  local  compression  faults.  Ow¬ 
ing  to  tho  unequal  resistance  of  t.he  different 
strata,  clean-cut  fissures  were  dtwelopcd  in  the 
more  qnartzitic  bi'ds  but  failed  to  persist  in  the 
more  shaly  beds;  tho  broken  quartzitic  masses, 
or  hloeks,  could  thus  y’ield  by  fault  movement 
and  ho  squeezed  against  or  even  into  tlic  yield¬ 
ing  shale  hods,  producing  tho  compHcation.s  of 
bedding  shown  in  tho  Happy  Jack  tunnel. 
The  sliding  of  block  upon  block  would  lake  place 


not  only  across  hut  along  the  hcdiling,  with  the 
result  that  although  tho  total  dLspla cement  is 
considerable,  the  movoment  along  any  one  fis¬ 
sure,  or  fault  plane,  is  small.  Tho  fissures 
would  form  e,  network,  blit  no  single  fissure 
would  necessarily  persist  for  any  considerable 
distance. 

-Vftcr  tho  close  of  tliis  period  of  comprisision 
more  lissuring  took  place,  the  more  persistent 
fissures  evidently  affording  channels  for  tho 
dikes.  Further  fissuring  probably  took  place 
after  the  dike  iutrusioiis,  but  no  definite  data 
on  this  point  are  at  hand,  except  that  tho  dikes 
have  undergone  tho  sumo  kind  of  alteration  ts 
that  shown  by  the  sedimentary  rocks  along  the 
ruincrulizcd  fissures. 

Tho  presence  of  older  fissures  ns  well  ns  the 
uneven  rigidity  of  tho  .sedimentary  rocks  would 
botli  tend  to  intemipt  the  continuity  of  lator 
fissures.  Where  the  disrupting  force  was 
strongest,  it  may'  havo  been  sufficient  to  pro¬ 
duce  a  fissure  that  persisted  tlirough  the  thin¬ 
ner  shale  bods  and  was  only  slightly  intemiptcd 
where  crossing  older  fis.surt's,  but  that  broke  up 
on  entering  weaker  or  thieker  fle.xiblo  ehnly  beds 
and  formed  two  or  more  fissiu’cs  appi'o.ximatcly 
blit  not  qiiito  in  line.  A  new  fis.sure,  especially 
where  the  ilisniptiug  force  is  relatively  weak, 
on  approaching  an  older  fissure  is  likely  to  be 
deflected  toward  the  older  fissure.  The  rock 
beyond  the  older  fissure  may'  or  may  not  ho  cut 
by  another  new  fissure,  and  the  new  fissures  on 
opposite  sides  of  the  old  are  not  1  ikely'  to  be  in 
line.  The  rock  at  the  junction  of  fissui’cs  may 
bo  considerably  shatlerod.  Tho  disrupting 
force,  furthermore,  may  not,  for  one  reason  or 
another,  bo  of  uniform  intensify  and  fissures 
may  branch  and  die  out  even  where  the  rock  is 
reasonably  uniform.  Too  little  work  has  been 
done  to  compare  the  relative  influence  of  theso 
different  conditions  in  tho  Simpson  Mountains, 
but  all  havo  evidently'  been  operative  in  pro¬ 
ducing  the  complex  network  of  fissures.  (See 
fig.  51.) 

ORE  DEPOSITS. 

OKXEttAL  FEATCRES. 

OCCniHEHCE  AKD  CHARACTEB. 

The  ore  deposits  of  tho  Simpson  Mountains 
lie  within  the  Ericlcson  mining  district,  which 
includes  all  the  Simiison  Mountains  and  also 
t.he  western  slopes  of  the  Sheeprock  Monnlanw 
as  far  north  us  Govenmient  Crock.  Nearly  all 
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tho  deposits  iiro  in  vein  form,  but  some  roplaee- 
meiit  bodies  occur  at  Indian  Springs.  Many 
aumll  outcrops,  or  "blowouts,”  of  mineral  veins 
lire  scattered  over  the  sui-face  of  the  Simpson 
Mountains,  but  few  of  them  are  traceable  for 
censiderablo  distances,  partly  because  they  arc 
hidden  by  float  imd  talus  and  partly  because 
they  are  not  persistent.  A  few  veins  arc  distinct 
for  horizontal  distances  of  300  to  500  feet  and 
hnvo local  bunchesorshoots  of  pay  ore,  and  some 
ore  bodies  occur  ns  small  isolated  bunches  \\1th 


Fkwk  il.— Dlao-:iru  Showing  relations  of  dlffeient  Oouro*  to  one 
•aiihfr,  alto  relation  of  oro  snoots  to  Qs^nring  nnd  coeposiUon  of 
trail  lock  In  sonthem  part  of  Slnipsou  MonntaUis. 


noappnrentconnection  other  than  inconspicuous 
buTcn  fissures. 

The  veins  may  be  divided  into  two  groups — 
those  parallel  to  the  bedding  and  those  filling 
nearly  vertical  fissures. 

BED  DEPOSITS. 

Deposits  parallel  to  the  bedding  are  com¬ 
posed  chiefly  of  wlrite  milky  quartz  with  some 
small  bunches  of  chlorite,  scattered  lumps  of 
chalcopyrite,  some  of  which  are  2  inches  in  di¬ 
ameter,  and  a  few  small  aggregates  of  specular 
hematite.  Tliese  deposits  are  mostly  leriticu- 
but  range  from  a  succession  of  short  dc- 
lacned  lenses  along  the  same  bedding  piano  to 
*  rolativelj’  continuous  deposit  with  local 
ntieular  bulges.  The  averngo  thickness  of 
t  e  bulges  is  about  5  or  6  inches,  and  the  maxi- 
thickness  seen  was  about  1  foot.  Ono  or 
oih  of  the  walls  ns  a  nile  is  light  colored  rela- 
Uvely  pure  quartzite.  Whore  cbloritic  quartz- 
’  ®or  slinlo  forms  one  wall,  chlorite  is  likely  to 


be  conspicuous.  Tho  chalcopyrito  lumps  are 
more  or  less  altered  to  hornito,  chalcocito, 
malachite,  azurito,  and  chrysocoUa.  Under 
the  microscope  the  chnlcDpyrito  is  full  of  irreg¬ 
ular  gronules  of  pyrite.  A  few  grains  of  galena 
have  been  found. 

The  amount  of  oro  in  these  quarl.z-chalco- 
pyrite  deposits  is  insignificant,  e.vcept  in  the 
Highland  Lassie  No.  1  prospect  at  Sixmile 
Spring  (p.  450),  which  isalso  e.xceptioutil  in  the 
position  of  the  vein.  The  worldngs  were  not 
accessible  when  visited,  but  tho  ore  body  is 
said  to  be  small,  tliougli  rich,  and  to  cut  across 
the  bedding,  pinching  out  a  short  distance 
below  the  surface.  A  very  httlo  barite  was 
found  with  tliis  ore. 

FISSUHE  DEPOSITS. 

The  veins  filling  nearly  vertical  fissures  vary 
considerably  in  composition.  Tho.so  seen  at 
Indian  Springs  are  composed  of  quarta  with  a 
mbior  amount  of  calcito  and  u  varying  amount 
of  very  fine  pjrite  grains.  A  low  grauis  of 
chalcopyrite  were  also  noted.  The  quartz  fills 
cavities  dcvclopmg  typical  comb  structure  and 
also  replaces  the  calcareous  wall  rock.  Tho 
calcite  is  mostly  a  later  grov'th  filling  fractm'es 
in  the  quartz  and  also  in  places  fillhig  the  cen¬ 
tral  portions  of  cavities  or  pockets.  The  pyrite 
is  found  along  tho  edges  of  c;avities  and  scat¬ 
tered  among  the  microscopic  quartz  grains. 
ITiis  pyritic  quartz-calcite  ore  is  said  to  contain 
gold  to  tho  amount  of  $7  to  $12  per  ton,  but 
where  pyrite  Is  locally  conccntiTited  into  visible 
strealcs  or  patches  of  fine  grains,  the  amount  is 
considerably  huger.  Tho  small  amount  of 
chalcopyrito  holds  the  same  relations  to  the 
gangue  as  does  the  pyrite  but  ocem-s  in  larger 
gi’ains. 

The  veins  nt  ono  horizon  on  the  0.  K.-Silver 
Reef  property  merge  with  a  strong  deposit  of 
veiu  and  replacement  quartz  which  follows  the 
bedding  for  a  consideralile  distance.  Tlio  origi¬ 
nal  bed  was  probably  a  Kracstone,  but  replace¬ 
ment  has  been  so  complete  that  no  remnants 
of  tho  former  rock  could  bo  found.  The  near¬ 
est  exposed  beds  above  and  below  it  look  like 
shaly  limestone  but  aro  siliceous  and  yield  no 
effervescence  when  touched  with  hy’drochloric 
acid.  The  oxidized  oro  in  this  replacement 
body  contains  sulphnntiraouites  of  silver  and 
horn  silver,  nnd  shipments  made  early  in  1916 
are  reported  to  have  yielded  400  to  500  ounces 


452 


ORli  DKPOSIT?  OP  UTAH. 


of  silver  and  0.02  lo  0.235  ounce  of  gold  to  tljc 
ton.’  .Silver  in  valuable  amounts  has  been 
found  at  only  two  pbices — tLo  0.  K.  incline  and 
tlie  Silver  Heef  open  cut. 

Tile,  veins  of  Iciul-zuic  ore  around  Bliilne  and 
Dentil  canyons  also  contain  quart/.,  but  it  is  less 
conspicuous  ami  bi  many  jiluees  is  subordinate 
to  calcito  and  chlorite.  The  nietnllie  minerals 
arc  giJoiia,  /.iiie  bli’iidc,  pjTite,  ami  locally 
clmlcopjTitc.  Both  the  gangue  and  ore  min¬ 
erals  vary  ui  quantity,  and  ouch  predominates 
locally,  hut  a.s  a  whole  calcitc  is  perhaps  the 
most  abundant  giiriguc  and  galena  and  zinc 
blonde  the  most  abundant  ore  minerals.  The 
width  of  the.se  vcbis  is,  very  irregular,  and  ore 
shoots  occur  at  inteiwals,  evidently  where 
chlorite  beds  and  excessive  shattci’big  have 
produced  favorable  conditions.  (Soo  fig.  51.) 
Some  vcbis,  wliich  arc  marked  for  considerable 
distiincos  by  a  little  impregnation  of  the  walls 
by  pyi^tc  and  by  a  few  8c;atteiTng  crystals  of 
galena  and  zinc  blende,  abruptly  expand,  on 
meeting  a  favorable  cldoiilic  bed,  to  1  to  0  feet 
of  ore.  Tno  cldoritio  beds  were  evidently  read¬ 
ily  subject  to  attack  by  the  vcbi-fornibig  solu¬ 
tions;  and  it  is  noteworthy  that  tho  gangue 
mbicnils  here,  quartz,  calcite,  and  chlorite,  are 
tho  same  ns  those  wliich  constitute  the  rock. 
Sorieitc,  wliich  is  prominent  m  the  rock,  is  also 
a  inbior  gangue  uiiiicral.  The  ratb  of  ganguo 
mbierals,  however,  is  verj*  variable  and  iu  most 
or  nil  places  is  markcdl}'  different  from  that  in 
the  woU  rock.  Considerable  transfer  of  mate¬ 
rial  in  solution  must  have  taken  plact'.,  tho  rock 
constituents  Iwing  removed  and  tho  ore  nibior- 
uls  depositing  in  their  stead.  Where  conditions 
of  deposition  were  most  favorable,  galena  and 
blende  m  good-sized  crystals  or  aggregates 
tended  to  concentrate  bi  the  central  part  of  the 
shoot  and  pyrite  to  impregnate  the  sunouiiding 
walls;  hut  in  mast  shoots  coiisidcruhle  pyrite  in 
cry  stals,  some  of  which  are  a  quarter  of  an  inch 
or  more  bi  diameter,  are  scattered  througli  tho 
ore.  Tho  pyrite  iu  the  rock  arouml  the  mar¬ 
gins  of  a  shoot  Ls  commonly  fine  grained. 

Muorite  was  seen  iu  one  place,  associated 
especially  with  leuelicd  quartz  ami  lead  car¬ 
bonate,  hut  the  esviug  iu  of  the  worlcbigs  pre¬ 
vented  an  adequate  study  of  its  occurrence. 
It  is,  however,  of  biterest  as  a  conaectmg  Ibik 
between  tho  composition  of  the  veins  of  tho 

'  Uiaine  Pitw,  Fob.  J,  p.  210,  und  Mur.  4,  p.  345^  ipi,!. 


Sinip'^oii  Mountains  and  tliose  of  l.hc  Shceprock 
Mountabis  to  tiio  east. 

Alunitc,  in  inicroscopie  Hakes  biLergrown  with 
calcite,  was  found  in  a  veiiilet  cutting  a  diaba.se 
dike.  This  intergrowLli  is  of  particular  interest 
us  an  indication  that  tho  aluuito  was  deposited 
by  an  alkiirmo  or  neutral  solution,  for  acidic 
solutions  would  have  dissolved  rather  than 
deposited  calcite.  It  supplements  evidence 
in  tlio  Muiy'svuh'  di.strict  (pp.  54t)-.550)  that 
alunit<>  may  ho  a  primar)'  constituent  of  veins 
dejiosited  by  asix'iuliiig  solutions  as  well  us  a 
secondary  mbieral  deposited  by  acidic  watcis 
b\  the  zone  of  o.xidation.  This  occurrence  is 
also  of  biLorest  in  showing  tho  .similarity  hc- 
tw'cen  the  Simpson  Moiintam  veins  and  those 
of  other  ranges.  'Die  alunite,  a  hydrous  potas- 
siiun-nJuinbium  sulphate,  is  conluied  to  the 
vcinlet,  and  the  feldspar  of  the  diabase  is  con¬ 
siderably  alLored  lo  sericite,  a  hydrous  poln.s- 
siurn-aluminum  silicate. 

RELuVnON.S  BE'IWEEN  THE  DIKFERENT  VEINS. 

Surface  e.xposurcs  and  underground  develop¬ 
ments  uro  too  sliglit  to  show  any  definite  tran¬ 
sition  or  change  in  the  contents  of  a  single 
vein,  hut  the  diflcront  types  of  veins  grade 
into  ono  another  in  composition.  Thus  tho 
qunrtz-pyrite  veins  and  replacement  bodies 
contain  a  little  chaleopyrito  and  more  or  less 
calcitc  and  may  grade  bito  tho  quartz-chal- 
copyi’ito  vobis  and  also  into  tho  veins  rich  bi 
calcite.  The  qiiartz-clialcopyrito  veins  con¬ 
tain  a  small  amount  of  galena,  and  us  one  of 
tliem  at  the  Last  IIojic  No.  3  prospect  (p.  456) 
pusses  Into  a  small  Iwdy  of  rich  galena  ore, 
tho  coimection  botwoon  tlioiu  and  tho  cnlcito- 
lead-zbxc  voms  is  reasonably  W'cll  established. 
At  one  prospect  on  the  ridge  west  of  tho  Blaiuo 
tiumels  a  vein  composed  of  calcito,  consider¬ 
able  quartz,  galena,  and  o.xidized  copper 
minerals  is  clearly  intermediate  between  the 
last  two  types  mentioned.  No  definite  relation 
as  to  relative  depth  of  ciwstallizfttion  or  distance 
from  thoU'  souitie  can  he  established  until  the 
area  lins  been  mapped  and  studied  in  detail. 

O.XIIMTIOX. 

The  oxidation  products  or  secondary  min¬ 
erals  of  tho  voiius  pri'scut  no  unusual  features. 
Pyrite  has  oxblizod  to  limonite,  gi’ring  ® 
typical  limonitc-staiued  (piartz,  winch  retains 


SIMPSON'  mountains. 
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the  gold  origiuiiUy  in  the  pyrito.  Olinlcoiiv- 1  t,ho  Rlark  In.-L-  i  >  . 

ritP,  .13  proved  by  inicrcscoinc  study  of  i.olisbpd  wn.s  hcin-r  comhn-tod’ 

surfaces,  has  nitoml  to  pitchy  black  to  bro^Na  ^  "  "“'“'''‘•tod  on  .several  other  clninis 


I  in  the  vicinity.- 

MIXES. 
blaix-e  mine. 

The  niniiio  mine,  oMuicd  by  the  lilaino  Gold 
Sdver  Minin-  Co.,  in  Blnino  Canyon,  on  tlio 
Simpson  Mountains,  was 

V 


lirnonitc,  and  all  these  inineraLs  nro  cut  by 
voinlctsof  tho  copper  carbonates,  nialachito  and 
Rzurite,  and  the  .silicate,  chrysocolla.  Galena 
bus  changed  to  tho  lead  carbonate,  cerusitc 
(also  called  “cr3'stalJi/.ed  lead  '  and  "sand 

carbnuates  ’),  and  rcinauis  In  tho  veins  above  i  . —I'v  v.,  mi;  oimpsou  aiountains,  wa; 

water  level,  but  no  conspicuous  alteration  eighties,  when  1 00  tons  of  sandy 

product  of  zinc  hlontlc  has  yot  been  found,  '  carlionntc  ore,  mined  from  the  shaft, 

although  zinc  blende  and  galena  occur  together.  '  shlnnod  in  rl.o  - 1. ,i  tt  . 

The  decomposition  of  zinc  blende  was  accora- 
panied  by  trartsfer  of  tho  zinc  as  sulphate 
away  from  its  original  position,  and  it  Is  to  be 
c.NpiH’ted  that.,  in  the  absence  of  limestone 
beds  wliich  oxidized  zinc  ore  could  replace,  no 
concentration  of  oxidized  zuic  ore  has  taken 
place.  Small  amounts  of  calamine,  the  hyihous 
silicate,  may  be  foimd,  how'ever,  replacing ' 
crJoritic.  quartzite  or  linuig  cavitie.s. 

few  bodies  of  tho  black  ranngaiujse  ore, 
cliictly  pyroliisite  and  wad,  nro  ako  found. 

One,  on  the  sou  th  slo  po  of  tho  peak  cast  of  Blaine 
Canyon,  has  been  pro-spoc  ted  a  nd  found  to  replace 
a  shaly-  bod  between  quartzite  strata,  but  no 


was  shipped  to  Uie  old  smelter  at  the  Hot 
Springs  north  of  Abraham.  Tlie  worldng.s  in 
a  spur  oil  tho  west  side  of  tho  canyon  include 
the  old  .shaft,  a  short  tunnel  called  tlie  West 
jEnd,  and  an  upper  and  lower  tunnel.  The 
country  rock,  a  dark-weathering  impure  quartz¬ 
ite,  includes  .several  intercalated  green  massive 
to  shaly  be<ls  containing  abundant  chlorite, 
scricite,  and  calcite. 

'riie  upper  Blaine  tumuj,  which  lies' at  tho 
approximate  boundary  between  oxidized  and 
unoxidized  ore,  follows  a  fissure  with  N. 
65°-70°  W.  strike  and  7.5“  N.  dip,  w'^hoso  walls 
are  sprinkled  with  fine  pjn  ite  and  some  galena 
and  blende.  At  2.5.5  foot  from  tho  entrance 
the  ore  forms  a  vein  12  to  22  inches  thick 


definite  connection  between  it  and  uno.xidized  •  —  ”■  -  ”  •“  «i<iut  .T  murw 

niatorial  has  been  cxfKJsed.  It  consists  of  a  few  i  It  has  been,  followed 

high-grade  lumps  or  se-reentions  in  a  soft  fissure  in  a  winze  for  30  feet  or  more 


high-grade  lumps  or  segregations  in  a  soft 
brownish-black  earthy  material.  ..'Vnothcr  outr 
crop  of  majiganoso  ore  is  exposed  near  tho  south 
cad  of  a  low spur  just  southeast  of  Camp  Blaine. 
The  workings  wore  not  accessible,  but  it 
Was  said  that  tho  manganese  ore  was  followed 
down  an  incline  for  120  feet  and  that  within 
20  feet  of  the  surface  some  lead-sUver  ore  was 
found 


There  thus  seems  to  bo  a  close  relation 

la  origin  between  the  lead  and  manganese  ore.  i  -  - 

It  is  interesting  in  this  cznuiection  to  cito  the '  «''crages  2,5  per  cent  lead  (no  zinc 


and  upward  in  a  40-foot  raise,  in  which  its  width 
is  10  to  12  inches,  with  some  pinches.  The 
ore  in  the  winzo  comprises  blende,  galena,  and 
p\Tite,  with  some  lend  curborintc  and  oxides 
of  iron  and  manganese.  A  12-ton  sample 
taken  .30  feet  below  the  timnol  level  run  51  per 
cent  zinc,  1.3  per  cent  load,  and  4  ouji,c.cs  of  sdver 
and  0.021  oiinco  of  gold  per  ton.  'Fho  ore  in  the 
raise  is  chiefly  lead  carbonate,  with  some 


^ork  of  Nishihara,  wlio  has  showi  that  galena 
‘fom  .several  difTorerit  places  contains  small 
uinonuts  of  mangiuiese,  probably  as  sulphide;' 
ut  in  the  1.  tonia  workings,  inaccessible  in 
the  black  manganese  oro  changes  abruptly 
h'  rhodonite,  the  mmiganese  silicate,  at 
Water  level,  100  feet  below  the  surface.  This 
eposit  and  otliers  in  the  Tiutic  and  Ericltson 
'iBtricts  were  studied  by  J.  T.  Pardee  in  1918, 
nianga.iie.se  ore  wa.s  being  shipped  from 

O.  8.,  Thr  mio  ol  reilurtiun  of  uOlUltr  of  dcMcoodion 
1  “  K  mUirruU  and  Hi  Iioirliig  upon  !Wi-'-  I 

r  'iphidoenrlcbmeal;  Ixon.  Otology,  vol.  0,  pp.  HJ-7i7,  inn.  ( 


reportefl).  Farther  we.st,  at  tlic  second  cross¬ 
cut,  the  vein  swells  to  a  width  of  5  to  6  feet. 
Tho  fis-sure  be3’Oud  this  place  leaves  the  south 
w'alJ  of  the  drift  but  is  cut  by  a  south  crosscut 
toward  the  shaft,  where  b<ith  of  its  xvnlls  nro 
impregnated  with  fine  galena.  Eight  feet 
south  of  tliis  fissure  nnother,  striking  N.  70° 
E.  and  conveiging  castw'ard  with  it,  is  accom- 
panietl  b}'  the  usual  ore  in  a  groeni.sh  gunguo 
and  locally  bx'  blende  and  galena  Ln  a  wliito 
ganguo  composed  chiefly  of  calcite.  'iVo 

ilXiuiiunoio  orv  In  Tlnllo  dlictrtct,  Utob:  t.  S,  ficoL  Sur.';;y  I’reM 
Dull.  3n,  I’P.  3-1.  8<>pt<iislrftr,  lOIK. 
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Other  parallel  or  slightly  converging  veins 
with  chloritic  ore  have  been  cut  by  the  second 
crosscut  to  the  north.  ITio  northeni  of  these 
two,  which  lies  in  tiu  east-west  fis-suro  zone 
accompanied  by  some  faulting,  has  boon  flo- 
lowed  for  a  short  distauco  and  is  said  to  have 
contained  some  fluorite  ui  tho  gangue,  but 
none  was  seen  duiing  tho  ^\Titer'^  visit.  A 
ban’cn  white  fjuartz  vein  along  tho  bedding  is 
cut  otr  by  a  fault  just  south  of  this  northeni 
vein. 

The  lower  Blauio  tunnel  extends  710  feet 
nearly  due  north.  About  400  feet  from  its 
mouth  it  crosses  n  few  wiiito  quartz  vcuilots 
1  to  3  inches  thick  which  carry  a  little  pyrite, 
chnlcopyrite,  and  a  few  grains  of  galena.  From 
this  point  northward  it  follows  for  a  cousider- 
ttblo  distance  a  roverao  fault  of  small  displace¬ 
ment,  which  trends  N.  10°  W.  and  dips  42°  W., 
along  which  are  many  east-west  fractures. 
The  north-south  fissure  finally  flattens  and 
merges  with  a  bedding  plane  beneuth  a  massive 
quartzites  tratum.  Seven  hundred  feot  from  the 
tunnel  mouth,  short  ea.st  and  west  crosscuts 
have  been  run  along  a  fault  fissure  that  strikes 
N.  70°  W.  and  dips  about  70°  N.,  and  that 
may  be  the  same  as  that  followed  by  the  upper 
tunnel.  Tire  hanging  wall  is  shuttered  chlo¬ 
ritic  quartzite  thoroughly  impregnated  with 
fine  grains  of  pyrite  and  coarse,  grains  and 
aggregates  of  blende  and  galena  and  criss¬ 
crossed  by  vcinlets  of  white  oalcite.  The  ore 
body  just  east  of  tho  tunnel  is  about  8  feet 
wide,  and  lies  in  tho  wedge  between  tho  main 
fissure  and  a  branch  northwest-southeast  fis- 
snre  'with  southwest  dip,  which  crosses  the 
tunnel  12  feet  north  of  the  main  fissure.  West 
of  tho  tunnel  tho  main  lissiuo  branches  and  the 
ore  disappears  from  tho  crosscut  along  a 
north-northwest  brunch  fissure,  i^ssays  of 
samples  from  the  lower  tunnel  have  sho\vn  24 
per  cent  lead  and  3.V  ounces  of  silver  per  ton. 
Jso  assay  for  zinc  was  made. 

The  West  End  tumiel  and  winze  west  of  the 
shaft  follow  a  nearly  vertical  north-dipping 
east-west  fissure,  which  yielded  oxidized  lead- 
silver  ore.  The  ore  gave  out  where  the  fissure 
appears  to  feather  out  do\vnwnrd,  and  no 
prospecting  has  boon  yet  attempted  to  hunt 
for  any  continuation  of  it.  Tlio  shaft  also 
follows  a  steep  north-dipping  fissure  wliich  may 
bo  in  the  same  zone  us  the  main  fissures  ex¬ 
posed  in  the  upper  and  lower  Blaine  tunnels. 


The  ore  l)odie,s  thus  far  exprtsod  in 
Blaine  workings  lie  where  fissures  that  strike 
N.  6.5°-80°  W.  and  dip  70°-80°  N.  cut  the  more 
chloritic  beds,  and  the  largo.st  exposures  appear 
to  be  whore  these  beds  are  shattered  and  the 
fissures  branch.  The  ore  in  places  extends  a 
short  distance  from  tho  fissure  along  boddbg 
planes,  replacing  or  impregnating  the  chloritic 
rock.  The  ore  is  not  continuous  along  the 
fissures  but  lies  in  small  shoots  between  lean  or 
barren  stretches,  in  which  the  fissure  c  rosses  beds 
of  purer  quartzite  oi-  crosses  more  favorable 
chloritic  beds  but  is  not  markedly  shattered. 

HAPPY  JACK  PROSPECT. 

The  ILippy  Jack  prospect,  under  the  same 
contiel  iis  the  Blaine  mine,  is  on  the  west 
side  of  Blahie  Canyon,  about  half  a  mile 
south  of  the  Blaine  lower  tunnel.  The  work¬ 
ings,  which  are  all  above  water  level,  include  a 
shallow  inclined  shaft  and  short  drift,  both  of 
which  follow  the  mineralized  fissure  zone,  ami 
a  sinuous  northwest  trinnel  about  2.50  feet  Ions, 
which  connects  with  the  bottom  of  the  shaft 
10  feet  below  tho  short  drift. 

Tho  country  rock  is  impure  quartzite  end 
shale  in  irregularly  alternating  beds,  which  dip 
easterly.  The  dip  varies  greatly  within  short 
distances  frtmr  horizontaJ  to  vertical.  The 
beds  are  much  fractured  in  vanons  directions 
and  greatly  disturbed  by  local  faulting  and 
crushing.  Li  one  place  a  haixl  quartzitic  block 
has  been  squeezed  against  soft  chloritic  rock, 
crushing  it  to  a  soft  gougo  which  tends  to  sur¬ 
round  the  slickensided  quartzite  block.  The 
crushed  material  that  is  exposed  is  barren,  and 
the  only  ore  of  any  consequence  lies  along  an 
east-west  fissure  zone  with  an  average  dip  or 
80°  S.  that  persists  from  the  surface  down  lo 
the  tunnel  level,  W’hcre  it  shows  some  signs  of 
pinching  out  downward.  The  ore  exposed  m 
1912  WHS  all  sandy  lead  carbonate.  It  forms 
bunches  where  the  fissure  zone  crosses  the  more 
chloritic  beds  The  ore  in  the  shaft  thinned 
out  dowiwurd,  but  the  short  level  west  of  lie 
shaft  has  opened  another  body  which  extends 
about  15  feet  across  the  strike  of  tho  fissure 
zone  but  has  not  yet  been  followed  along  tho 
fissure.  The  fissure  where  cut  on  the  tunnel 
level  is  not  mineralized  and  attempts  to  find 
a  downward  continuation  of  the  ore  have  not 
succeeded.  The  only  ore  found  on  the  tonne 
level  is  close  to  tho  face  and  comprises  three  or 
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wi(h  kaolin  and  iron  and  manganese  oxides 
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r.  ..  ^  - w  vr.vjVtVO, 

This  material  forms  thin  connected  lenses  with 
central  bimches  of  PbCO,  that  follow  a  flat- 
dipping  bedding  plane  for  about  20  feet  and 
cross  through  a  short  cross  fracture  to  a  bed¬ 
ding  piano  2  feet  higher.  These  lenses  are 
possibly  offshoots  from  the  main  fissure,  which 
should  lie  a  little  north  of  the  tunnel  face.  No 
oro  has  been  shipped. 

0.  K.  MIKE, 

Tho  0.  K.  mine,  owned  by  the  0.  K.  Silver 
Mining  &  Milling  Co.,  lies  well  up  the  south 
slope  of  Indian  Springs  Canyon  above  the  camp 
and  post  office.  The  country  rock  includes  a 
bed  of  dark  calcareous  rock  that  dips  32“  E. 
between  belts  of  light  quartzite.  The  ore  body 
lies  parallel  to  the  bedding  and  is  a  replace¬ 
ment  of  the  basal  member  of  the  calcareous 
belt.  The  principal  mining  has  been  along  au 
incline  from  the  outcrop  down  the  dip,  and  the 
ore  extracted  is  said  to  have  been,  largely 
silver  sulphantimonides  and  hom  sUver  in  a 
quarlzose  gaiigue,  tho  best  values  lying  along 
(ho  bottom  of  the  incline.  At  the  base  of  the 
incline  a  short  drift  leads  to  a  series  of  caves 
lined  with  stalactites  and  stalagmites.  The 
bottom  of  one  of  these  caves  is  also  said  to 
have  contained  ore  of  unspecified  character. 

SILVER  BEEF  MIKE. 

The  Silver  Reef  mine,  owned  by  the  O.  K; 
Silver  Mining  &  Milling  Co.,  is  on  the  north 
side  of  the  canyon,  opposite  Indian  Springs 
post  office.  In  1912  it  was  opened  by  two 
hmnels,  a  shaft,  and  a  small  open  cut.  The 
country  rack  is  mostly  light  to  dark  brown 
weathering  quartzite,  with  a  few  bauds  of 
3  ale  and  three  or  four  of  limestone  or  dolo- 
tnite.  The  beds  dip  30“  to  35“  NE.  The 
^lerahzed  fissures  strike  west-northwcstward. 

0  worldngs  include  two  tunnels,  a  shaft, 
and  a  small  open  cut. 

lower  tunnel  follows  a  narrow  fissure 
’''em  m  dark  impure  limestone.  Between  500 
aa  ^  600  feet  from  the  tunnel  mouth  the  vein 
^a.erinl  is  a  crushed  black  silicified  limestone 
cet  wide,  filled  with  quartz,  calcito,  and 
pyrite,  lying  betw’een  two  parallel 
ekensuied  fissures.  On  the  south  side  of 
^  barren  wall  rock, 

a  second  quartzose  crushed  zone  vein 


level, 
average 


a  dip  of  50«  N.,  which  nmy  j„i„  with 
crushed  zone  below  the  tunnel 
Ibo  ore  m  (ho  crashed  zones  is  said  to 
S7  to  S12  a  ton. 

crushed  zone 

TCm,  either  the  same  ns  that  in  the  lower  tunnel 
or  one  closely  paraUel.  The  ore  is  of  the  same 
ypo  a:,  that  m  tho  lower  timncl  but  is  said  to 
have  yielded  higher  returns.  Specimens  said 
to  represent  the  richer  gold  ore  are  evidently 
local  concentrations  of  fine  pyrite  with  an 
mcnnspicuous  quar(z  garigue. 

The  shaft  goes  dowm  about  40  feet  in  rusted 
quartz,  m  line  with  the  upper  tunnel  vein,  and 
connects  with  two  short  drifts,  one  ensUouth- 
Mst  along  the  vein  and  one  southwest  alono-  a 
branch  vein.  Ore  from  these  workings  con¬ 
sists  of  quartz  and  limonite  containing  sUvor 
and  a  little  gold. 

The  pound  around  the  shaft  shows  only 
quartz  in  short  reticulate  veinlets  with  marked 
comb  structure  and  innumerable  .small  pockets 
surrounding  fragments  of  silicified  rock.  Tho 
quartz  outcrop  is  30  to  40  feet  wide  and  can  be 
traced  for  a  short  distance  south  of  the  shaft 
and  northw'ard  beyond  the  limits  of  the  prop¬ 
erty.  Tho  small  open  cut,  just  opened  at  the 
time  of  the  wu-itev’s  visit,  has  exposed  some 
oxidized  material  said  to  yield  very  high 
values  in  silver.  The  exact  source  of  tho 
silver  could  not  be  found  at  the  time,  as  the 
only  recognizable  primary  mineral  found  w'as 
a  little  chalcopyrito.  Specimens  sent  to  the 
writer  in  1916,  probably  teom  a  nowiy  opened 
ore  body  60  feet  below  the  surface,  contain 
sulphantimonides  and  chloride  of  silver  in  a 
gangue  of  rusted  pruritic  quartz.  Both  silver 
minerals  are  secondary.  A  shipment  from 
this  body  yielded  488  ounces  of  silver  and  0.235 
ounce  of  gold  to  the  ton,  and  0.15  per  cent 
copper,  and  another  jnelded  405  ouncas  of  silver 
and  0.02  ounce  of  gold  to  tho  ton.'  The  oro  is 
hauled  to  a  loading  point  near  Tintic  Junction 
on  the  Los  Angeles  &  Salt  Lake  Railroad. 

IKDIAK  CHIEF  PROSPECT. 


The  Indian  Chief,  formerly  called  tho  Yellow 
Jacket,  property  adjoins  the  Silver  Reef  on  the 
west.  TTie  w'orkings  include  three  inclined 
shafts.  Only  one  of  these  shafts  was  accessi¬ 
ble  at  the  time  of  tho  winter’s  visit,  and  tho 

1  win.  and  SfL  Pitn-v,  voI.  112,  pp.  ZIU,  SM,  191G. 
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boUom  of  this  w'lis  fillotl  with  v.iter  which 
stood  95  feet  below  the  shaft  collar.  The 
three  shafts  lie  on  or  close  to  a  fault  fissure 
which  strikes  N.  70*^  VV.  and  dips  65°  N.  The 
amount  or  direction  of  displacement  is  not 
knowTi,  The  immediate  country  rock  is  a 
giuy  dolomitic  limestone  which  overlies  or 
lies  witliiu  idack  dense  argillaceous  limestone. 
The  footwnU  of  the  fault,  consists  of  gi’ay  dolo¬ 
mitic  rock  for  a  few  feet  from  the  surface  and 
of  black  lirncvstone  for  the  rest  of  the  TVay  to 
the  bottom  of  the  workings.  The  hanging 
wall  consists  entirely  of  black  dense  limestone 
criss-crossed  by  barren  cMlcilc  veinlets.  Small 
bunches  of  lead  carhonutc  and  gahmn  ore  were 
found  at  the  surface  in  two  of  the  shafts  but 
did  not  persist  downward  and  w’cre  evidently 
confined  to  the  gniy  dolomitic  rock.  Some  of 
the  ore  fragments  on  the  dump  had  quartz 
gangue;  others  had  no  conspicuous  amount  of 
quartz.  The  sorted  ore  is  said  to  have  run  60 
to  70  per  cent  lead  and  8  to  14  ounces  of  silver 
to  the  ton.  The  third  shaft  was  simk  in  a 
copper-stained  litnonitc  body,  but  no  relation 
of  this  material  to  the  country  rock  or  to  the 
lead  ore  could  be  determined,  owing  to  the 
surface  coverings  of  debris.  The  quartz  body, 
which  pa-sses  north-nortlnvcstward  from  the 
Silver. Reef  shaft,  travcises  the  Indian  Chief 
property,  but  there  it  shows  r»o  promising 
samples. 

UTONIA  TnjfKEI.a. 

The  Utonia  tunnels  arc  in  the  middle  part  of 
the  west  slojie  of  Death  Canyon.  They  are 
four  in  all,  but  none  was  being  worked  when 
visited,  j\Jl  arc  in  the  lower  impure,  quartzite, 
and  all  are  said  to  have  struck  W'ator.  Only 
the  lowTOt  was  enbu-ed.  This  tunnel  penetrates 
to  a  fissure  vein  that  strikes  cast  and  dips 
steeply  north  and  carries  galena,  blende,  and 
cervisite  (lead  enrbonuto).  A  watercourse  fol¬ 
lows  the  vein.  It  is  reported  that  two  car¬ 
loads  of  lead-zinc  ore  were  .shipped  in  the 
nineties,  but  their  value  is  not  kuovvn.'  Simi¬ 
lar  ore  is  said  to  occur  in  tiie  other  tunnels. 
Black  mnngnncso  ore  derived  from  rhodonite 
has  already  been  mentioned  (p.  4.53). 

GOOD  HOPE  PROSPECT. 

riic  Good  Hope  load-silver  prospect,  worked 
by  B.  F.  Pleiner  and  others,  is  located  on  the 
southeast  slope  at  the  end  of  the  ridge  and  is 
reached  by  trail  from  Death  Canyon,  A  short 


I  drift  follows  a  N.  .3°  W.  fissuiv,  dipping  68'’  W. 
for  about  20  feet  along  its  intersection  with  a 
ehlori'.ic  stratum  w'liieh  lie.s  botw\>en  tw'o  hard 
quartzite  bed.s.  The  on^,  galena  and  ccrusite 
now  largely  leaehi'd,  Is  represcntcfl  by  a 
spongy  gossan  held  together  by  a  fine  network 
of  quartz,  chiefly  as  u  replacement  of  the  chlo- 
ritic  bod.  Some  frugmerits  of  fluorite  liniiv' 
vugs  ill  cjuartzito  W’orc  found  on  the  dump. 

IJIST  HOPE  PROSPECT  Ro.  3. 

The  Last  Hope  No.  .3  tunnel,  worke.d  by  Swen 
Nelson,  is  on  the  ws'st  slope  of  the  ridge,  above 
and  directly  east  of  SixmiJe  Spring.  The  tun¬ 
nel  follows  a  thin  seam  of  vein  quartz  eastward 
along  a  nearly  horizontal  bedding  plauc  hi  im¬ 
pure  quartzite.  The  quartz  contains  a  few 
small  poc^kets  lined  with  crj'stals,  more  or  les? 
oxidized  chalcopyritc  in  irregular  lumps,  some 
of  w'hieh  are  2  inches  in  diameter,  and  small 
scattered  crystals  of  galena.  About  50  feet 
from  the  tunnel  mouth  the  bedded  quartz  veiu 
comiectod  with  a  vertical  east-west  lens-shaped 
body  of  coarse-grained  galena  2  to  3  feet  thick, 

5  to  6  feet  high,  and  10  feet  or  more  long,  with 
warperl  cleavage  surfaces  almost,  totally  freo 
from  gangue.  Some  ore  still  remains  in  its 
eastem  face.  The  walls  around  the  galena 
body  were  so  decomposed  that  no  relations, 
with  fissuiing  or  waU  rock  could  bo  dctermuicd. 
The  tunnel  continues  for  some  distance  beyond 
the  galena  body,  but  no  more,  ore  has  been 
uncovered.  A  few  other  bedded  quartz  veins 

6  inches  oi'  less  thick  outcrop  a  short  disfaiiee 
above  the  turmel  month  but  have  not  yet 
been  prospected. 

HIOHLAKD  LASSIE  PROSPECT  No.  1. 

The  Highland  Lassie  No.  1  is  on  the  slope 
just  north  of  SLxniilo  Spring.  The  w'orkings 
aio  now  eaved,  but  n  small  pilo  of  copper  ore 
remuLns  on  the  dump.  The  ore  Is  chalcop,\Tite, 
mostly  altered  to  pitchy  bhw.k  and  brown  linio- 
nito,  mnla<;hite,  and  chr'j'socoUa,  mwompanied 
by  only  a  little  line-grniiied  vein  quartz.  It 
replaces  rather  pure  quartzite.  The  malocliilo 
and  chrysoeoUa  fill  cracks  traversing  the  other 
minerals.  The  vein  quartz  is  not  easily  ehs- 
tioguished  from  the  quartzite  w'all  rock. 
fact  it  may  be  simply  rccrystallizcd  quartzite 
mixed  with  the  replacing  copper  minerals. 
The  ore  is  said  to  have  followed  a  short  fissure 
which  for  a  short  cUstance  dipped  steeply 
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norniul  to  the  dip  of  the  quartoit(',  (hon  .  huiijrt.fl 
to  a  steep  eastody  dip  ,uk1  pinched  out. 

havH  capital;  they  also  wan-a,Tt 
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iVssays  of  the  copper  ore  are  siuM 
yielded  very  good  returns  of  silver, 

FUTUKE  OF  THE  DISTRICT. 

TVithout  doubt  mineralization  around  Indian 
mid  Si.vmiJe  springs  and  Hlaine  and  Death 
canyons  extends  over  a  wide  area,  biil.  ore  n.s  a 
rule  appears  to  be  confined  to  small  discon¬ 
nected  bodies.  Tliis  condition  Is  due  to  the 
variation  in  character  of  the  eounlry  rock  the 
.scarcity  of  pemistent  fissures,  and  the  charac¬ 
ter  of  the  solutions  that  deposited  the  oro. 
TLo  solutions  were  evidently  not  able  to  effect 
any  conspicuous  replacement  of  the  pure 
([iiaitzite,  and  fissuics  in  that  rock  were  not 
continuous  or  open  enough  to  permit  the  depo¬ 
sition  of  ore  minerals  in  commercial  quantity. 
UTiere,  the  solutions,  percolating  through  the 
notwork  of  fissures,  came  in  eon  toe  t  with  the 
green  chJoritic  bcd.s,  they  produced  some  rc- 
plucemont,  the  extent  of  which  varied  with  the 
iuuonut  of  chlorite  and  calcite  in  the  rock  and 
the  presence  of  branch  fissures  or  local  shatter¬ 
ing  which  would  allow  a  more  thorough  perme¬ 
ation.  '^e  size  of  an  oro  shoot  is  thus  limited 
(0  the  thick-ness  of  certain  replaceable  beds,  and 
may  further  be  limited  in  any  direction  by  the 
local  pinching  out  of  a  fissure.  Large  oie 
aodies  therefore  are  not  to  bo  expected,  but 
small  bodies  of  good  ore  are  Icnown  to  bo 
present. 

high-water  level  is  unfavorable.  Soft 
0X1  ized  ore,  chiefly  lead  carbonate  in  which 
the  silver  content  may  be  relatively  high,  is 
muted  by  ifc  to  the  uppermost  part  of  a  de- 
pteit  and  passes  doAvnward  to  a  mixed  sul- 
P  e  ore  composed  cliiefly  of  galena,  zinc 
Gu  e,  and  pyrite,  the  mining  of  which  in¬ 
volves  the  removal  of  water.  'ITiis  water  may, 

0  (om-se,  under  some  circumstances,  be  used 
'or  irrigation. 

The  most  serious  obstacle  is  tho  lack  of  rail 
trausportation.  Ore  must  be  hauled  hy  wagon 
Oout  10  miles  to  the  Los  /Vngoles  &  Salt  Luke 
«aihoail. 

Kveu  under  those  lidversc  conditions,  the 
ssay  results  from  several  prospects  would  be 
romisnig  if  they  represent  average  samples 

as  many  of  thorn  do. 
'rith  ^  seem  to  warrant  mining 

snicJl  forces  of  men  and  wthout  expensive 


pcctiiig 

Succ.ess 


rToj'rh’  iT out  of 

systematic  pros- 
in  connection  witii  present  work. 

on  n  l-  prospecting  will  depend  largely 

ddorir'"'  f  •  replaceablo 

quartzite  and  linustono  bn.ls  and  of 

Surer"*'*'’"  mineralized 

A  groat  many  small  ore  bodies  doubtlesg 
^e.xi8t,  and  the  problem  is  to  find  them  with  as 
httle  dead  work  as  possible.  Tho  limestone 
c(  s  around  Indum  Springs  might  bo  c.xjx'.clcd 
to  contain  tho  largest  bed  replacements,  but  no 
pronusmg  evidence  of  mineralization  has  been 
found  m  any  except  those  in  the  O.  K.  and  Sil¬ 
ver  Ileef  workings. 


pumarole  butte  and  lava  plateau. 

By  G.  F.  T.ouonu.v. 

Pumarole  Ruttc,  locally  Imown  ria  "Tho 
Crater,"  and  tho  surrounding  lava  plateau  lio 
just  within  tho  southern  boundary  of  Juab 
County,  about  12  miles  north  of  Abraham  and 
19  milas  west  of  Lynn  Junction  on  tho  Los 
^Ingelrs  &  Salt  Lako  Raih'oad.  The  Lava  Pla¬ 
teau  is  bmmded  on  the  east  by  tho  old  river  bed, 
(See  fig.  48,  p.  44G.)  Tlio  butto  and  plateau 
form  a  denuded  volcano  composed  of  basaltic 
lava,  which  was  erupted  in  Tertiary  time  after 
the  upheaval  of  the  surrounding  Basin  Paiiges 
and  wna  eubjectod  to  considerable  ero.sion  be¬ 
fore  tho  Lake  Bonneville  epoch  of  Quaternary 
time,'  Tlie  butte,  which  is  about  160  feet  high, 
is  a  denuded  volcanic  neck  of  dense  basalt, 
and  isBurrounded  by  a  depression  attributed  to 
the  relatively  rapid  erosion  of  the  cinder  cone. 
Moist  air  at  a  tomperature  of  62°-73°F,  issues 
from  tliirty  or  forty  crevices  in  it.  Tho  pla¬ 
teau  is  mode  up  of  successive  Donvs  of  vesicular 
basalt  and  is  about  5  miles  in  diameter.  It  is 
bounded  by  low  cliffs,  attributed  to  the  col¬ 
lapse  of  the  liard  basalt  when  undermined  by 
the  erosion  of  underlying  cinder  or  tuff  beds. 
The  etlges  of  the  plateau  m-e  cut  by  several 
short  valleys;  also  by  one  principal  valley 
wliich  heads  at  tho  volcanic  neck  and  extends 
northeastward  for  some  distance  along  a  possi¬ 
ble  fault,  and  then  turns  sharply  along  an  un¬ 
doubted  fault  to  tho  old  river  tied.  The  por- 


>  CDbert,  O.  K  ,  L»)ui  BoMiwUle;  U.  S,  Ocol.  Sun’t-y  Mot,. jip.  3,12- 
335,  1(.KI. 


458 


ORE  DEPOSITS  Of  UTAH. 


tion  of  the  plateau  north  of  the  valley  is  marked 
by  two  minor  wave-cut  terraces  which  con¬ 
verge  northward,  one  sloping  3°  N.  and  the 
other  n°  S.,  wliich  indicate  that  faulting,  with 
northward  tilting  of  the  northern  block,  con¬ 
tinued  during  the  existence  of  Lake  Bonne¬ 
ville.  The  valley  contains  deposits  laid  down 
during  both  the  okler  and  later  st;igcs  of  the 
lak('.  The  age  of  the  fault  a  nd  of  the  erosion 
along  it  can  thus  be  fixed  witlun  reasonably 
close  limits — distinctly  later  than  the  up- 
hcavjil  of  the  Basin  Ranges  and  earlier  than 
the  e.xistence  of  Lake  Bonneville;  with  some 
faulting  continuous  duiing  the  carher  stages  of 
tho  lake.  Tlie  faults,  though  part  of  the  great 
system  of  Great  Bjwin  faults,  are  distinctly 
younger  thiui  tho  minendized  faults  and  fis¬ 
sures  in  tho  neighboring  mountain  ranges,  as 
evidence  show.s  that  mineralization  in  them 
took  place  before  the  upheaval  of  the  ranges. 

A  mai-shy  area  on  the  flat  between  tho  south¬ 
east  edge  of  tho  plateau  and  tho  old  river  bed 
contains  a  mimber  of  low  mounds  from  which 
hot  springs  issue,  probably  from  a  buried  fault 
oxtonding  alorrg  the  aoutheust  or  east  side  of 
tho  plateau. 

Temperatures  of  thosprings  rangingfrom  1 10° 
to  178°  F.  were  recorded  by  Gilhort.  It  is  said 
that  up  to  1901  or  1 902  one  of  tho  springs  used  to 
spout  in  geyser  fashion  and  that  the  water  rose  10 
feet  in  the  air.  Red,  yellow,  green,  and  white 
slimy  idgous  deposits  containing  carbonates 
of  calcium,  iron,  and  a  little  magnesia,  and  a 
little  silica  <md  g\'psum  are  accumulating  in 
streams  that  flow  from  the  springs.  A  partiiil 
analysis  of  a  considerable  deposit  of  hardened 
red  material  that  forma  a  low  mound  around  an 
extinct  spring  A’ent  shows  that  it  consists 
chicfl}'  of  calcium  carbonate,  with  4.47  per  cent 
totid  iron  PejO,,  a  very  little  silica,  and 
traces  of  alumina  and  magnesia.  ITio  thick¬ 
ness  of  tills  mass  or  of  tho  marshy  gi-owth 
aromid  the  springs  is  not  known,  but  it  is 
doubtless  very  slight,  the.  material  resting  upon 
the  old  lake  beds.  'I'hc  watiu*  froni  the  sprlnos 
is  strongly  saline;  a  field  tost  nuule  by  O.  E. 
Mciiizer,  of  l.he  UniUid  States  Geological  Sur¬ 
vey,  .showed  it  to  contain  about  1,800  parts  per 
million  of  chlorine.' 

In  tho  eighties  a  small  smelter  was  erected 
at  the  Hot  Springs  with  tho  intention  of  troat- 

*  O.  E.,  U,  9,  0«>L  Surrey  \Vritflr.9upply  Puiwr  277,  p.  lOJ, 


ing  ores  from  surrounding  districts,  and  an 
attempt  miwle  to  use  tho  “iron  ore"  around  the 
extinctspriug  vent  for  a  flux.  Only  n  very  small 
amount  of  the  spring  deposit  was  mined,  and 
the  venture  was  not  successful.  Tho  exact 
causes  of  the  failure  arc  not  known,  but  the 
low  percentage  of  iron  (juoted  above  may  be 
one  cause. 

DUGW.VY-GR.AiNITE  RANGE. 

By  B.  S.  Biitler. 

GEOGRAPHY. 

The  Dugw'uy-Grunito  Range  is  somewhat  ir¬ 
regular  and  has  been  given  diirerent  names  in 
different  portions  of  its  length.^  Its  north  part 
is  known  as  the  Granite  Range;  that  farther 
south,  beyond  a  low  pass,  as  the  Dugway  Range; 
that  south  of  the  Dugway  road  as  tho  Thomas 
Range;  that  still  farther  south,  in  the  latitude 
of  the  Detroit  mining  district,  as  the  Drum 
Mountains;  and  that  at  tho  extreme  south  ns 
the  Little  Drum  Mountains.  Mining  opera¬ 
tions  have  been  carried  on  in  the  Detroit  dis¬ 
trict,  in  the  Dug^vay  district,  and  in  the  Granite 
Range. 

The  Dug^vay  Range  is  more  irregular  tlinn  the 
House  and  Fish  Springs  ranges  to  the  west,  being 
composed  of  sovoiul  rather  indefinite  ridge? 
trending  slightly  west  of  north,  although  the 
range  as  a  whole  trends  nearly  north .  In  but  fe\? 
places  does  it  attain  an  elevation  of  7,000  feet, 
and  it  contains  numerous  broad  open  valleys. 

Water  is  scarce  and  usually  is  not  of  the  best 
quality.  Only  a  very  little  irrigation  is  possible, 
and  all  fnnn  produce  must  be  brought  from 
other  districts.  In  tho  Detroit  district  at  Joy 
a  tunnel  in  the  volcanic  rocks  furnishes  a  small 
flow  of  water,  and  a  well  supplies  water  to  ore 
freighters.  Wildhorse  Spring  in  the  Thomas 
Range  furnishes  a  small  supply  of  water.  The 
Dugway  district  contains  no  pennnnont  water 
supply',  but  several  cisterns  have  l>eGn  con¬ 
structed  in  which  small  supplies  can  bo  stored. 
The  Granite  Range,  on  the  other  hand,  cou- 
tains  several  springs,  and  supplies  could  doubt¬ 
less  be  developed  in  many  of  its  cany'ons. 

Wood  is  scarce,  and  there  is  none  suitable 
for  mine  timber  or  for  building  purposes. 

The  nearest  railroad  point  for  the  Granite 
and  Dugway  districts  previous  to  1917  was 
St.  Johns,  about  50  miles  distant.  In  1917  a 
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railroad  'vns  completed  from  Wendover  to 
Gold  Hill.  30  to  40  miles  from  the  different  sec¬ 
tions  ill  the  uorthorn  part  of  the  range.  The 
Detroit  district  is  about  30  milea  from  Oasis. 
Transiiortation  costs  are  therefore  high  for  all 
the  districts  of  tlic  range. 

PHYSIOGRAPHY. 

The  general  physiography  of  the  Grauite- 
Dugway  Range,  though  apparently  somewhat 
more  comple.x,  docs  not  differ  materially  from 
that  of  the  other  Basin  ranges.  The  structui-o 
is  a  monocline  with  westerly  dip,  the  outline  of 
the  range  being  due  to  faulting  \rith  relative 
uplift  on  the  oiust.  The  faulting  was  uppar- 
eully  later  than  the  outflow  of  the  lavas  which 
form  the  wcstcni  foothills.  In  the  Thomas 
Range  ridges  of  the  sedimentary  rocks  were 
apparently  brought  up  in  the  lava  areas  by 
faulting  parallel  to  that  forming  tho  main 
range.  Gilbert  ‘  gives  tho  following  descrip¬ 
tion  of  its  general  structure: 

The  Thuinufi  [Gninito-Dug^vay]  Range,  like  tho  Onaqtii, 
ifl  a  aimplo  upliit,  presenting  throughout  ila  CTtent  a  bold 
e^arpment  to  tho  east,  while  at  the  west  ita  slope  is  that 
of  ii8  atniU,  which  dip  l>enealh  tho  desert.  At  Dugway 
Pass,  where  wo  crossed  it,  its  rocks  are  calcareous  but 
were  not  found  U>  contain  fossils.  There  is  reason,  how¬ 
ever,  to  sumiiiK*,  from  stratigraphical  data,  that  they  be¬ 
long  to  the  Silurian  series.  A  short  distance  north  of  the 
pssj  is  an  outflow  of  gray  l.rachyle,  and  south  of  it  the 
nmge  is  entirely  buried  beneath  a  similar  lava,  between 
his  and  tho  House  Range,  but  nearer  the  former,  are  two 
low  ridges  parallel  to  the  first,  of  liko  condition  and  dip, 
»nd  similarly  accomp-.mied  by  volcanic  eruptions. 

The  old  beach  hues  of  Lake  Bouneville  are 
especially  well  marked  around  tho  north  cud 
of  tho  Dugway  Range.  Two  terraces  are 
couapicuous,  the  lower  and  stronger  of  which 
has  a  width  varying  from  a  few  score  to  several 
huadrod  feet  in  places  especially  favorable  to 
wave  cutting.  Erosion  since  the  recession  of 
the  waters  of  the  lake  has  been  so  slight  that 
this  terrace  has  not  been  dissected  except  along ! 
hs  front,  and  for  long  distances  it  shows  only 
minor  irregularities. 

GEOLOGY. 

The  range  is  composed  of  sedimentary  rooks 
roin  Cambrian  to  Carboniferous  in  age  and  of 
jgneous  rocloj.  Granite  ^fountain  is  tho  only 
^rge  bod^’-  of  intrusive  rock.  Tho  main  area 
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of  extnisivo  rocks  is  on  the  western  side  of  the 
mountain  and  extends  from  the  Dugway  road 
as  far  south  as  Joy, 

SEDBIEXTARY  ROCKS. 

The  sedimentary  beds  were  examined  by  the 
writer  in  only  two  districts,  the  Detroit  and 
the  Dugway. 

The  lowest  stratum  exposed  in  tho  Detroit 
district  is  2,000  feet  of  rather  uniformly  me¬ 
dium-grained  (juartzite  with  some  beds  con¬ 
taining  pebbles.  On  unweathored  .suriaces  the 
rock  is  gray  but  it  weathers  to  reddish  brown. 
Overlying  the  quartzite  is  200  to  .300  feet  of 
shale  with  iiUcrsIratifiod  sandy  beds,  which 
have  been  considerably  motamorpbosed  and 
have  developed  a  schistose  structure  with 
rather  abundant  muscovite.  Indistinct  fossil 
remains  are  present.  Overlying  this  is  a  series 
of  blue  limestono  and  slialo  at  the  base  that 
grades  up  into  heavy-bedded  blue  and  gray 
limestone.  It.s  total  exposed  thickness  is  prob¬ 
ably  fully  4,000  feet. 

Fo.ssils  were  collected  (localities  220  and  221) 
from  tho  shaly  limestono  series  overlying  the 
schistose  shales  and  flora  sevcrul  higher  hori¬ 
zons,  locality  235  being  at  the  highest.  These 
collections  were  reported  on  by  L.  D.  Burling 
ns  folloivs: 

Locality  220.  Tho  collection  contain.*)  Agraxilos,  Ptycho- 
paria,  and  Obolus  sp.,  an  a.-itociation  of  spe-cies  usually 
found  wvoral  hundred  feet  below  the  horizon  of  221. 

Loraliiy  221.  Pti/rJinparia  cl.  P.  eordilltrae  RominRor, 
ProioapotiQM  (Dpicules),  Apioatua  cf.  A.  iriUrsiricius  wore 
obtained  from  a  stratum  that  is  definitely  to  bo  correlated 
with  tho  horizon  of  the  Middle  Cambrian  YTiccler  formation 
in  the  Houae  Range,  Vtab. 

Locality  223.  The  collection  appeara  to  contain  foeaib) 
from  (wo  horizons,  pari  of  it  comii])E>  from  a  sbaly  limr^tone 
which  containi  Afno$tu*  and  Prolosponffia  (apicuic.s)  and 
is  very  much  the  same  *e  locality  221,  and  part  from  an 
oolitic  liincDtone  that  eonlalis*  Ptychoparia  liko  P.  subc/rro- 
nata,  Eoeanthouki,  nad  OfroouJbup.,  Hud  that  iadofiniloly 
|ji  he  correlated  arith  the  Ufco  limestone  of  the  Blacksmith 
Fork  section,  which  is  also  Middle  Cambrian  in  age. 

lAxality  227.  .'Irrolnria  opkirensi*  was  collected  from 
a  Htrolum  tiuit  is  to  be  correlated  with  (ho  Middle  Cambrian 
Jtarjum  limestone  of  the  House  Range,  Utah. 

Locality  233.  Pti/choparia  was  collected  from  a  horizon 
that  is  very  close  to  (hat  of  localities  220  mid  221. 

Locality  233.  I’lw  coilection  contains  Crepkeplialu» 
uxamis  Shuraanl,  LinfuUlU  dctidtjQta  Walcott,  and  .^Icro- 
h'cta  vJahfti-nmf  and  is  from  a  stratum  that  is  to  bo  corre¬ 
lated  with  the  Llpper  Cambrian  Orr  formation  of  tho  House 
Range,  Utah. 
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It  is  apparent  from  the  stratigraphic  and 
fossil  evidence  that  ti:o  rocks  in  this  distiiet 
range  from  Lower  to  Upper  Cauii>riiin. 

Ill  the  Dugway  district  the  rocks,  in  part  at 
least  ,  lie  considerably  higher  stratigraphic, illy. 
The  general  succession  in  this  part  of  the  range 
is  ns  follows:  At  the  base  ‘1,000  to  5,000  feet 
of  limestone,  with  interstraiified  shidy  and 
sand}*"  beds;  in  places  dis'inctiy  shaly.  This 
is  overlain  by  nt  least  2,000  feet  of  cpiurtzite, 
with  int.erstrutified  beds  of  limestone,  wliich  ut 
one  place,  comprise  probnldy  more  than  200 
feet  of  limestone  and  shaly  beds.  Fossils  were 
collected  from  loose  pieces  believed  to  have 
been  derived  from  the  limestone  interbedded 
with  the  quartzite  scries  at  the  norlh  end  of 
tho  range.  The  fos-siliferons  fragments  were 
found  below  the  level  of  the  old  bench,  nnd  it 
is  possible  that  they  may  have  been  trans¬ 
ported  further  than  is  apparent. 

On  these  collections  Mr.  (iirty  made  tho 
following  report  > 

Ko.  .'if,;): 

Fcneotclla  hj). 

Anibocceliu  parva? 

Bc'llerophon  up. 

Proems  sp. 

No.  !i7»: 

Campophylliini  nevadense? 

Zaphrenlis  multUamclla? 

Producm.s  gaibiiuoa'iis? 

Produrtus  piloiformis? 

Girlyelli'.?  sp. 

Spiriier  kcukuk  var. 

Coaiposita  sp. 

CliotJiyridina  hirsula? 

Eumetria  roarcyi. 

Lot  574  I  umy  assign  to  the  upper  MLssissvppuui,  but  ,563 
caa  not  be  certaiuly  placed.  It  w  verj’  impmbable  that 
it  is  rcnnsylvatiian,  and  iis  more*,  likely  reference  is  to  the 
upper  MiiaissippMu. 

Though  fossils  were  not  collected  from  them, 
it  seems  probable  that  tho  sedimcntuiy  rocks 
e.sposed  in  the  northern  portion  of  the  range 
are  not  younger  than  lower  Xlississippinn  and 
are  passibly  older  than  Carboniferous.  The 
rocks  between  tho  Dugway  nnd  Detroit  dis¬ 
tricts  have  not  been  examined  by  the  wifer, 
but  it  seems  probable  (hat  most  of  them  uro 
older  than  Carboniferous. 

Sediraentarj'  rocks  at  the  southern  end  of 
the  Granite  Eange  consist  of  quartzites  and 
mica  schists  that  have  npi)aren(ly  residted 
from  the  alteration  of  a  shale-sandstone  series. 

T  liougb  no  fossils  were  found  in  the  sediments, 


their  general  rharaeler  imlicates  tiuit  they  nre 
probably  not  younger  tlmu  Cumbrian. 

lo.N'nors  itocKS. 

INTRUSIVE  ROCKS. 

The  Granite.  Range,  is  made,  up  almost  en- 
tirely  of  intrusive  rock,  sedimentary  rocks  beiiw 
observed  only  ut  its  southern  end.  The  intru- 
.sivo  body  is  complex,  being  composed  of  gra¬ 
nitic  rocks  that  dilFer  considerably  in  physical 
and  chemical  character,  and  is  most  intcrc8tin<r 
petrologically.  The  main  body  of  intrusive 
rock  has  been  cut  by  many  pcgmatitic.  dikes 
striking  with  the  general  trend  of  tho  range, 
which  gives  it,  when  view'cd  from  a  distance, 
the  aspect  of  a  sedimentary  fonuatiou. 

The  northern  part  of  tho  Granite  Range, 
where  examined,  is  composed  of  a  rnediuni- 
gi'eined  light-colored  granito  composed  essen¬ 
tially  of  quartz,  ortboclase,  plagioclasc  near 
nlbite  in  composition,  muscovite,  and  biotitc. 
The  n\iea  is  variable  in  amount,  in  places  being 
rathor  abundant  and  in  other  places  nearly 
absent.  Locally  there  are  segregations  of 
mica,  lenses  of  rock  being  made  up  in  large 
part  of  muscovite.  DdbrLs  in  the  valleys  c.x- 
tending  into  the  range  in  the  northern  part 
contains  abundant  boulders  of  a  coarse  por- 
phyritic  granito  carrying  orthoclnse  crystals 
an  inch  or  less  in  greatest  dimension  and  a  con- 
siclorable  proportion  of  plagioclasc.  This  gran¬ 
ite  was  not  seen  in  place  but  must  bo  present 
bi  largo  Imdies  in  the  northern  part  of  the  range. 
In  the  southern  part  of  the  range  the  main 
body'  of  tho  rock,  so  far  as  observed,  is  coarsely 
porphyritic  with  feldspar  crystals  an  inch  or 
less  in  length.  It  contains  more  biotite  and 
apparently  a  higher  percentage  of  plagioclaso 
than  the  granito  of  tho  northern  part  of  tho 
range.  Although  here  called  grnnito  this  rock 
on  more  thorough  examination  may'  prove  to 
be  quartz  monzonito. 

Tho  entire  range  is  cut  by'  numberless  pegma- 
titic  dikes  that  range  in  thielaioss  from  au  inch 
or  le.s3  to  .several  feet  and  in  lateral  extent 
from  lenses  that  outcrop  for  a  few'  feet  to  those 
that  can  be  traced  for  hundreds  of  feet.  Nor¬ 
mally  they  are  composed  of  quartz,  orthocUse, 
some  plagioclasc,  nnd  abundant  muscovite,  but 
tho  proportion  of  these  constituents  differs  in 
different  dikes  and  in  different  parts  of  the 
same  <hke.s.  Feldspar  and  muscovite 
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abun<l«uit  in  some  and  of  sliirht  imporianpe  in 
othei's.  Numerous  veins  or  “dikes”  of  coarse 
white  quartz  also  nmgo  in  size  from  mere  vein- 
lets  to  large  bodies  that  can  be  traced  for  hun¬ 
dreds  of  feet.  The  siliceous  dikes  make  up 
fully  20  per  cent  of  tho  rock  over  largo  areas. 
Still  other  dikes  are.  more  basic  than  the  nniiti 
body  of  tlic.  range.  A  conspicuous  dike  of  this 
character  in  the  northein  part  of  tho  range  can 
be  traced  for  at  least  several  hundred  yards  and 
perhaps  for  2  to  3  miles.  It  is  a  medium- 
grained  green  dioritic  rock,  probably  a  quartz 
dioritc,  though  under  thomicrosco[)o  tho  speci¬ 
mens  collccteil  proved  to  be  too  highly  altered 
to  penuit  detenninntion  of  the  original  mineral 
constituents.  Thcabuiulantdarksilicatcshuve 
altercfl  to  serpentine  and  chlorite;  the  feldspars 
contain  much  sericitic  muscovite;  considerable 
pjrito  is  present;  and  quartz  fonns  several  per 
cent  of  the  rock. 

'fhe  coai-so  porphvritic  granite  was  probably 
the  earliest  rock,  though  conclusive  evidence 
as  to  the  relative  age  of  this  aiul  t  hefiner-grained 
nuiscovitfl  granite  in  the  northern  part  of 
tho  district  was  not  obtained.  The  pegma- 
titic  dikes  are  later  than  either,  and  tho  veins 
of  cearse  white  quartz  arc  later  than  the  pegma¬ 
tites,  wlierever  their  relative  ago  was  deter¬ 
mined.  The  bivsic  dikes  are  later  than  the  peg¬ 
matite  dikes  and  earlier  than  the  metal-bearing 
veins  of  the  area.  The  relation  of  the  basic 
dikes  to  the  quartz  “dikes”  was  not  seen. 

In  the  Dugw'ay  district  no  largo  bodies  of 
inlnisivo  rock  wore  seen,  though  there  are 
numerous  dikes,  several  being  noted  cutting 
the  quartzite  in  the  northwest  part  of  the  dis- 
tnet.  .Ml  are  highly  altered,  probably  from 
quartz  diorite  or  quartz  monzonito.  Further 
scuta  at  the  Buckhora  mine  tho  limestone  is 
cut  by  a  dike  probably  of  similar  composition 
though  more  highly  altered  than  those  to  the 
north. 

In  the  Detroit  district  thesodirnejitary  rocks 
[ire  cut  by  numerous  dikes  and  irrcgularbodios  of 
ini^ivo  rock,  ranging  from  moderately  coarse 
Sramed  to  fine-grained  porphyries.  ./Vll  the 
spocjmcas  examined  microscopically  are  of 
fflcn^B.itic  composition,  being  composed  of 
P“giocla.se  and  ortlioclase  with  different  pro- 
^lons  of  the  dark  minerals,  biotite  horn- 
nngitc,  and  hypersthene,  in  different 
most  specimens  examined  tho  bio- 
portly  and  in  some  spernmens  ver}' 
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largely  a  ltd  ed  to  augite  and  Iron  ore.  Acces¬ 
sory  mmoriLU  are  magnetite  and  apatite,  the 
tormcr  beuig  rather  abundant.  In  tho  fine- 
^-iiiucd  rock  it  is  difficult  to  estimato  the  rela¬ 
tive  abundance  of  orthorh..so  and  plagiocln.so, 
and  a  chemical  e.vamination  might  simw  tlint 
some  of  llio  dikes  would  he  more  accurately 
classed  as  diorites. 

EXTRUSIVE  ROCKS. 

E.xtrusivo  rocks  c.over  a  largo  area  on  the 
western  sivle  of  tho  range,  between  Joy  and  tho 
Dugvay  district,  but  tlie  main  body  was  not 
examined  by  tlio  writer.  Gilbert  has  cla.sscj 
them  as  trachyte,  though  doubtless  a  detailed 
study^  would  show  numerous  flows  of  differing 
compositions. 

Tlie  extrusive  roclvs  at  the  north  end  of  tho 
range  consist  of  rhyolitic  and  latitic  flows  and 
tuffs.  In  tho  Detroit  district  they  are  of 
essciitiiilly  the  composition  of  latitc,  though 
there  are  flows  of  andesite  and  othci-s  tiiat 
have  rather  abumlant  quartz  and  may  prove 
to  bo  rhyolites,  thougli  typical  rhyolite  was 
not  observed. 

In  goneriJ  tho  flows  in  this  range  are  similar 
to  those  that  farther  east  show'  a  marked 
!  similarity  over  largo  areias. 

AGE  AND  RELATIONS  OF  THE  IONEOU$  ROCKS. 

'fhe  age  of  tho  igneous  rocks  can  not  be 
closely  fixcil  from  local  evidence.  They  arc 
[  younger  than  the  Carboniferous  beds  and 
I  ohler  than  the  unconsolidated  Quaternary 
sediments.  The  relative  ages  of  the  intrusive 
and  e.vtrosive  rocks  have  not  bin'll  ascertained. 
It  is  possible  that  some  of  the  dikes  represent 
tho  channels  thi’ough  wliich  the  extru.sivo  rocks 
readied  the  siu'face.  Both  in  tho  Detroit 
district  and  in  the  Dugway  district  the  lavas 
have  apparently  filled  mature  valle^-s,  and 
unless  the  northern  part  of  the  range  has  had 
a  very  different  physiographic  development 
from  the  southern  it  woidd  seem  that  the 
granite  body  forming  the  Granite  Range  must 
have  been  uncovered  and  deeply  eroded  before 
the  eruption  of  the  lavas. 

Tlie  similarity  of  the  lavas  to  those  farther 
cost  suggests  that  they  are  of  the  same  gen¬ 
eral  age,  namely  Tertiary.  Tho  granite  is 
similar  to  that  of  the  Ibapah  stock  in  tlie  Deep 
Creek  Range  and  to  tho  granite  of  tho  Raft 
River  Range,  but  whether  these  are  to  be  cor¬ 
related  with  the  intrusive  Jmassic  rocks  to  the 
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west  or  with  the  intrusive  Tertirtry  rocks  to 
the  east  is  undetermined. 

'  GBAIOTE  RANGE. 

There  has  been  very  little  metal  production 
from  the  Granite  llnuge.  According  to  un- 
publi-shcd  notes  by  Ellswoi'tb  Daggett,  who 
vi.sitcd  tho  di.striet  in  181)8,  thi'ee  claims  had 
yielded  up  to  that  time  about  22  tons  of  ore, 
consisting  principally  of  gsdena  containing 
gold  and  silver.  No  other  production  had  been 
recorded  up  to  1018.  At  tho  time  of  the 
writer’s  visit  there  was  no  mining  activity  in 
the  district,  and  thorough  study  of  the  mines 
was  impossible.  There  has,  however,  been 
some  prospecting.  Tlio  most  extensive  de¬ 
velopment  has  been  near  tiie  northern  end  of 
the  range  on  tho  jiroperty  of  the  Desert  Mhiing 
Co.,  on  a  vein  in  general  paralleling  tho  basic 
dike  already  mentioned.  (Sec  p.  461.) 

The  dike,  which  outcrops  prominently, 
strikes  nearly  north  and  dips  steeply  east. 
The  vein  so  far  as  developed  is  closely  associ¬ 
ated  with  tho  dike.  At  some  points  it  sho^\'s 
its  best  develonment  on  tho  footwall,  hut  at 
other  points  it  is  .strongest  on  the  hanging 
wall  or  even  within  tho  dike.  The  close  asso¬ 
ciation  of  the  dike  and  vein  does  not  seem  to 
indicate  a  close  genetic  relation,  but  rather 
that  the  lissure  wius  a  hue  of  weakness  along 
wluch  tho  dike  was  intruded  and  later  the 
vein-fonning  sclutions  passed, 

Tho  vein  ranges  from  a  raerc  stringer  to 
several  feet  in  wndth,  though  it  is  by  no  means 
universally  present  along  the  dike.  It  is  com¬ 
monly  rather  prominently  handed.  Tho  prin¬ 
cipal  mineral  constituents  are  quartz,  fluorite, 
and  hematite  and  locally  a  little  galena  and 
chalcopyrite.  The  vein  is  reported  to  contain 
gold  and  silver.  The  dike  rock  within  and 
adjacent  to  tho  vein  has  been  altered  to  a 
cldoritic  material,  but  tho  granite  shows  but 
slight  change  even  at  the  contact  with  tho  vein. 

The  vein  has  been  prospected  at  different 
levels  by  several  hundred  feet  of  drifting,  but 
at  tho  time  of  visit  no  large  Imdies  of  oro  had 
been  found. 

Near  tho  contact  of  (he  granite  and  schist 
at  the  southern  end  of  the  range  there  are 
many  bodies  of  courao  white  quartz  and  nu¬ 
merous  banded  veins  composed  of  quartz  and 
fluorite  with  some  hematite  and  a  little  copper 
carbonate.  Veins  of  this  character  have  been 


prospcctcKl  to  a  slight  extent,  but  no  ora 
bodies  have  been  found.  Tho  veins  occur 
both  in  tho  gianito  ami  in  the  schist  and  the 
vein  minerals  are  similar  to  those  in  tho 
northern  part  of  tho  range. 

The  granite  at  the  southern  end  of  the  range 
is  broken  by  many  jomts,  most  of  which  con¬ 
tain  a  film  of  limonitc  that  indicates  that  they 
have  been  mhioralized.  'Ihere  has  been  no 
prospecting  of  this  character  of  material  and 
so  far  as  observed  no  metals  are  present  other 
than  the  iron  of  the  limonite. 

DtTGWAY  DISTRICT. 
niSTORY  AND  I'RODUCTIOX. 

By  V.  C.  UeiKKS. 

Dugway  district  was  discovered  hi  1S69  and 
organized  in  1872.  It  is  situated  in  Tooele 
County  and  is  reached  bj'^  w:igon  road  from 
St.  John,  the  sbippmg  station  on  the  Los 
Angeles  &  Salt  Lake  Raili'oad,  .55  miles  to  the 
southwest.  A  stack  funiace  ^  was  completed 
b  the  later  part  of  1876.  The  largest  pro¬ 
duction  was  made  from  the  Buckliorn  claim, 
about  a  mUe  from  Gilson’s  old  toira  of  Buck- 
hora  and  about  650  feet  above  it.  Ellsworth 
Duggett  ’  vi.sited  the  property  m  1898.  He 
reports  that  a  pocket  or  scries  of  pockets  of 
high-grade  ore  was  found  in  1891  m  this 
property  and  that  about  60  tons  were  shipped, 
brbgbg  about  $68,000  at  the  smelter.  Some 
of  the  shipments  are  said  to  have  cont.amed 
as  high  as  1,800  ounces  of  silver  per  ton. 
From  another  source  ^  it  Is  reported  that  a 
carload  of  ore  shipped  assayed  9.6  per  cent 
Iciid  and  604  ounces  of  silver  and  3.8  ounces  of 
gold  per  ton,  and  that  m  less  than  four  months 
to  tho  end  of  Juno,  1891,  the  Buckhorn  had 
yielded  822,000.  Accordmg  to  Hanauer,* 
there  wns  shipped  m  1891  and  1892  from  the 
Buckhorn  and  other  claims  m  Dugway  dis¬ 
trict  196  tons  of  oro,  containmg  232  ounces  of 
gold  and  23,800  ounces  of  silver,  Da^ett 
more  conservatively  estimates  the  ore  shipped 
at  162  tons  and  reports  that  the  works  visible 
m  1898  consisted  of  an  open  cut  about  40  feet 
square  and  of  several  short  tunnels  imd  holts 
rimning  off  from  it,  including  a  shaft  report*® 

'  SiH  Lake  TrOniae,  J:>n.  A,  1877,  i.n<l  J;m.  #,  187*. 

*  Miiiln*  notri  unpubl(8ht.>tl.  j  oi  St 

’  Mine  noloi;  EnR.  and  Min.  Joiu.,  vol.  41,  .Ipr.  24,  I*®', 

Julyl*.  IMl. 

‘  Htinauor,  A.,  Piiw  lorot  .Mint  Ri'pl.  upon  producUon  of  I**™' 
malah,  18<)l,  p.  224;  Idem,  18j2,  p.  172. 
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Jo  bo  about  100  feet  deep  but  inaccessible. 
.Most  of  the  ore  shipped  from  the  Buekhorn 
property  was  reported  to  Daggett  as  havmg 
coDie  from  this  open  cut  and  connecting  works. 
About  1,000  tons  of  ore,  inostk  lead  ore,  is 
cstiniated  to  have  been  shipped  from  the  dis¬ 
trict  previous  to  1903,  but  none  i.s  recorded 
since  that  time. 

In  recent  years  development  has  been  con- 
£nc(l  largely  to  that  necessary  to  hold  the 
more  promising  land  in  the  hope  that  the 
building  of  a  raih-oad  through  the  section  will 
permit  profitable  sale  or  exploitation. 

OIIE  DEPOSITS. 

Tho  ore  deposits  arc  in  tho  quartzite  and 
limestones. 

In  the  northern  part  of  the  area  the  sodi- 
ineDtary  rocks  have  been  considerably  fissured, 
and  the  limestones  in  these  fissured  areas  have 
in  places  been  highly  silicified,  as  In  the  vicinity 
of  the  Four  Metals  mine.  At  other  points  the 
limestone  has  been  blenched  and  softened,  and 
the  rock  in  many  places  has  been  reddened 
from  the  oxidation  of  iron  inincraLs. 

The  deposits  may  bo  roughly  classified  »is 
replaccmont  fissure  veins  in  tho  limestone  and 
fis  lissuie  veins  in  tho  quartzite. 

Some  prospecting  in  persistent,  fissures  in 
the  quartzite  in  the  northwestern  part  of  the 
district  has  revealed  small  shoots  of  galena  ore 
ffhich  have  a  high  lead  content  but  are  said 
lo  contain  relatively  little  silver. 

The  replacement  veins  in  hmestone  are  also 
numerous  but  have  been  bttle  prospected. 
The  Four  Metals  mine,  tho  most  0xten.sivcIy 
developed,  was  idle  at  the  time  of  visit  but 
b  reported  to  have  a  depth  of  nearly  400  feet 
OB  the  dip.  It  is  said  that  considerable  lead 
carbonate  ore  was  extracted  from  tho  upper 
leveb  and  shipped.  At  tho  time  of  vi.sit  the 
ote  on  the  dump  was  mainly  mixed  lead  and 
line  sulpliidcs. 

Some  of  the  replacement  veins  in  limestone 
copper,  hut  no  largo  deposits  of  copper 
ore  have  been  developed.  At  several  places 
Jp  the  district  deposits  of  lead  ore  havo  been 
found  at  or  near  tho  contact  of  the  quartzite 
ond  lirapslono.  Their  restricted  distribution 
^aj^nrently  duo  to  the  relative  ease  with 
*hich  solutions  could  circulato  along  the 
contact. 


T!io  Buckhom  mine  is  in  the  souihern  i)art 
of  the  mineralized  area.  Tho  deposit  is  s^^id 
to  havo  been  a  small  irregular  body  of  very 
rich  ore  occurring  at  tho  surface,  but  it  was 
so  completely  worked  out  that  the  writer  was 
unable  to  get  specimens  for  miucralogic  exami¬ 
nation.  Theliraestone  is  cut  by  a  ‘‘  porphyry” 
dike  too  highly  altered  for  its  original  compo¬ 
sition  to  be  determined.  The  ore  deposit,  so 
far  as  its  position  could  he  judged  fi'oin  the 
workings,  was  in  the  limestone  adjacent,  to 
the  porphyry  dike.  Considerable  prospecting 
lias  been  done  both  laterally  and  vertically, 
but  it  is  reported  that  no  extension  of  the 
main  oro  bodj'  or  additional  ore  liodios  were 
discovered. 

The  opportunities  for  examining  the  different 
deposits  wore  so  slight  that  tho  wviter  does  not 
fed  justified  in  o.xpressing  a  definite  opinion 
ou  the  future  of  the  district  .  Past  experience, 
however,  would  seem  to  indicate  that  much  of 
tho  mineralized  material  is  not  of  sufficiently 
high  grade  to  niuko  its  extraction  and  ship¬ 
ment  profitable  under  present  transportation 
conditions.  There  has  been  mineralization 
over  a  large  area,  and  with  cheaper  f.ranspor- 
lalioii  facilities  some  of  the  deposits  could 
doubtless  be  worked  at  a  profit.  The  devel¬ 
opments,  so  far  as  the  writer  was  able  to  see 
them,  however,  seem  to  give  no  strong  promiso 
of  veiy  largo  or  very  rich  deposits. 

DETROIT  DISTRICT. 

HISTORY  AND  PRODUCTION. 

By  V.  C.  Heikks. 

The  Detroit  mining  district  was  oi’ganized 
in  the  fall  of  1S72  as  tho  Drum  district  but  was 
abandoned  until  reorganized  imder  tho  name 
of  Detroit  in  1S79.  It  lies  30  to  35  miles 
uorth-iiorthwost  of  Oasis,  in  Millard  County, 
extends  iuto  Juab  County,  and  includes  the 
camp  of  Joy.  In  18S2  the  Desert  Mining  Co.  did 
some  mining  on  the  E.  P.  H.  claim,  which,  at 
a  depth  of  100  feet,  Is  said  to  have  produced 
from  au  IS-incfa  vein  ore  a.ssaymg  S36  to  S43  in 
gold  and  silver  and  14  per  cent  of  bismuth. 
Ore  coutainuig  26.4  per  cent  of  copper  was 
shipped  to  a  plant  near  Clueago  in  1883,  and 
us  an  experiment  some  copper  ore  was  shipped 
to  Swansea,  ^YaIos,  in  1 884.  During  tho  spring 
of  1888  n  small  hot-air  blast  furnace  was 
erected  at  the  Hot  Springs,  1 1  miles  north  of 
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Abnihain.  ^Utcf  many  difficulties  it  was  put 
iu  operatiou  by  tho  Alto  Mining  <fc  Smelting 
Co.,  whoso  hciidr|iiarteis  were  at  the  Hot 
Springs,  knowu  then  as  Wyano  post  office. 
All  tho  ffii-xlng  ores  wore  supplied  from  prop- 
ortio-H  in  the  district  within  10  miles  of  the 
smelter.  Shipments  to  eastern  points  aggre¬ 
gated  1:10,000  poumis  of  copper  bullion,  said 
to  have  been  the  largest  quantity  of  copper 
bare  at  that  time  produced  in  Utah.  Subse¬ 
quently  tho  smelter  was  destroyed  by  fire.  In 
1S04  tho  Ii)ox  property,  whoso  deepo-st  workings 
were  then  downi  to  200  feet,  was  put  in  opera¬ 
tion  bv  the  Utah  Gold  Mining  &  Smelting  Co., 


of  gold-  Tlio  Detroit  district  produced  from 
11)04  to  1917,  ineJasivo,  1,-51 1  tons  of  ore,  een- 
tainiiig  SI  1,142  in  gold,  5.127  ounces  of  silver, 
and  109,250  pound.sof  copper,  valued  in  all  at 
S45,809.  Tlie  ore  came  h’om  the  E.  P.  H., 
Charm,  Ihe.x,  and  Copperliead  claims.  Tho 
Ibex  group  was  the  hugest  producer. 

ORE  DEI'DSIT.S. 

All  the  ore  dcpo.sits  occur  in  the  sedimentary 
rocI<s.  There  has  been  alteration  along  fi.s- 
siues  in  the  lava  flows,  but  these  are  reported 
to  be  barren  of  valuable  metals.  In  June,  1912, 
all  the  properties  of  the  district  were  idle,  and 


Mt'tah  ptffffucftl  in  the  nctroii  ttijilriri, 


Year. 

,  Ore 
^  I'aliort 
tons). 

Gold. 

Silver.  | 

Copper.  1 

Total 

value. 

Fine 

ouuceA. 

Value. 

Fino 

ounces. 

Value,  j 

Pouiida. 

Value. 

1 

1901 . 

ISO 

lillOO 

$3,2W 

1 

1  7GS  1 

SHO 

8,000 

31,000 

H«4 

JtlO!)  . ! 

181 

33.87 

7tM) 

7.37 

3!M 

1,004 

itiin . 

89 

&  16 

127 

2SS 

1.36 

26,  062 

3,310 

s;  593 

Kill . 1 

6« 

sa  19 

1, 100 

619 

328 

9,  797 

1,226 

2,&33 

IS)12 . 

21 

8.  99 

186 

283 

174 

2,966 

489 

819 

337 

lOL  -13 

2,096 

866 

523 

20.853 

4,627 

7,248 

lOM . i 

39 

7.95 

llvl 

162 

89 

7, 518 

1,000 

1,25:1 

1013 . ' 

ISI 

76.19 

1,  .375 

024 

317 

23,363 

4.  OSS 

6,980 

lOlli . 

191 

52. 24 

1,080 

S13 

220 

33,  543 

8, 252 

9,o58 

1017 . 

223 

4-1.01 

910 

'417 

3-H 

28. 118 

7,685 

8,939 

1,511 

538. 03 

1  11,112 

I  ’ 

5,127 

2,001 

169, 250  : 

31, 676 

45.809 

and  some  ore  was  shipped  to  tiio  Hauauer 
smelter,  near  Salt.  Lake. 

On  Januarj'  11,  1895,  a  smelter  for  the  treat¬ 
ment  of  ores  from  the  Iho.x  and  Charmed 
claims  was  hlovm  in  near  Leamington.  Tho 
siliceous  ciiaracter  of  tho  ores  made  tho  addition 
of  lead  ore  neccssury,  and  lead  concentrates  were 
bought  from  the  Horn  Silver  mine  at  premium 
prices.  Some  low^rade  lead  ore  was  also  hauled 
by  wagon  from  the  Utah  miiie  at  Fish  Springs. 
During  April  and  May  it  produced  about 
S3.5,000  from  Ibex  ores.  The  smelter,  how¬ 
ever,  did  not  prove  profitable  and  xvent  into 
tho  hands  of  a  receiver,  by  whom  it  was  oper¬ 
ated  until  August,  1895,  when  the  Ibex  prop¬ 
erty  reverted  to  tho  original  owners.  I'ho 
totjil  output  *  of  the  Ibex  smelter  in  1895,  in¬ 
cluding  ores  purchased,  was  1,531,910  pounds 
of  unrefined  lead  (including  copper)  contain¬ 
ing  60,577  ounces  of  silver  and  1,328  ounces 

ol  Ulat  Ropt .  upon  pioduction  ol  precious  mflalt,  189J,  p,  ITS, 


the  xvriter  had  no  opportunily  fo  go  under- 
grouud.  Since  that  time  there  has  been 
considerable  activity  in  (he  dLstrict,  G.  H. 
Ryan  -  describes  the  developments  of  the 
difTercnt  mines  in  sorao  detail. 

Much  of  the  limestone  adjacent  to  the  numer¬ 
ous  monzonitic  porphyry  dikes  has  been 
recrystollizcd,  and  at  several  points  contact 
silicates  were  noted,  though  not  in  abundance. 
Sulpliidcs  are  present  with  the  contact  sil:- 
cati's.  No  extensive  development  on  typical 
conta(;t  deposits  hius  been  made. 

The  deposits  that  have  been  worked  are 
replacement  fissure  deposits  and  are  usually  not’ 
closely  associated  with  the  dikes.  The  replace¬ 
ment  fis.siui!3  ai'o  commoidy  choiacterized  by  a 
silicLfication  of  the  limestone  adjacent  to  the 
fissures  and  the  outcrops  arc  prominent  “  reefe 
of  jaspcroidal  material.  Tho  deposits  usually 

»  Ryan,  O.  H.,  Tbo  oW  Dclroll  lulclug  iJlslrict:  The  Salt  Uk»  »““■ 
„  voL  17,  pp.  liy-19,  JUr.  30, 19ie. 
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contttUi  much  p>Tit«,  or  limouito  that  has 
resulted  from  the  oxidation  of  p^Tite,  together 
,nth  chalcopjT-itc  and  it.s  oxidation  products 
and  small  ajnounta  of  other  sulphides.  The 
sulphides  are  s-aid  to  contain  considerable  gold 
and  silver,  several  mines  averaging  from  810 
to  813  in  precious  raotnls.  Much  of  the-  mate¬ 
rial,  however,  is  not  of  sufliciently  high  grade 
for  profitablo  shipment  under  ordinary  condi- 
tion-s,  end  attempts  at  treatment  in  the  district 
have  thus  far  not  been  very  successful. 

In  addition  to  the  metailiferons  deposits  of 
the  range  there  is  an  occurrence  of  topaz  near 
Topaz  Mountain.  The  writer  did  not  visit  this 
locality  but  according  to  descriptions  the  topaz 
oenus  as  di.sscminatod  crystals  in  altered  vol¬ 
canic  rocks  over  a  considerable  area.  It  is  not 
suitable  for  cutting. 

BLxbyite,  an  oxido  of  iron  and  manganese 
(essentially  KcO.ifnO,),  has  been  described  by 
Penfield  and  Foote  ^  from  the  west  side  of  the 
range  south  of  the  Dugway  road,  where  it  is 
said  to  be  nssocnated  with  topaz  and  decomposed 
gurnet  in  an  altered  rhyolite. 

Some  mineralizing  action  in  the  volcanic 
ro<-ks  is  evident,  but  so  far  as  the  writer  is 
aware  no  ore  deposits  have  been  discovered. 

FISH  SPRINGS  DISTRICT. 

By  B.  S.  Bctlbr. 

OEFTEBAL  FEATTTRES. 

The  Fish  Springs  district  is  in  Juab  County, 
at  (he  north  end  of  the  Fish  Springs  Kange, 
which  IS  the  northern  extension  of  the  House 
lUnge,  from  which  it  is  separated  by  a  low 
paiis.  The  nearest  raih-oad  point  prior  to  1917 
was  Oasis,  on  the  Los  Angeles  &  Salt  Lake 
Railroad,  about  60  miles  in  a  direct  line  from 
FLsh  Springs  and  about  70  miles  by  the  freight- 
frs’  road.  Gold  Hill  is  now  the  nearest  railroad 
point. 

The  range  contains  little  timber  suitable  for 
rither  fuel  or  building.  Lumber  for  buildings 
and  the  little  required  for  the  mines  must  be 
hauled  from  the  railroad  or  from  adjacent 
ranges,  and  the  cost  is  high.  Gasoline  is 
generally  u.sed  for  power. 

The  water  supply  of  the  camp  is  obtained 
foin  the  lowest  level  of  the  Utah  mine,  at  a 
depth  slightly  below  800  feet. 

*'  •  Foot«,  K.  W.,  Am.  Jonr.  Sc!.,  ■••h  »r.,  vol.  4, 


Analysis  nf  icaur  from  Utah  mimy 

IRccituhtcO  from  hypollcUcal  comblmillon*  in  enUii  per  isillon. 
.Vnilysl,  C.  C.  dale,  Seplccibcr, 


m  .  ,  ...  rartiixTiiuUlon. 

.  2,23.5 

Volatile  and  orpiiiic  matter .  239 

Si!ir.i(SiOJ . *13 

Oxides  of  iron  and  ahimintim  (ro;0;,d-.\l,jOj) .  13 

Cniriiim  (Ca) . ’  . 

Mapne-sium  (.\Ig) . 

Medium  and  potassium  (Nn-J-K) . 

Sulphate  iMdiclo  (SO,) . . . | . . .  ifi.i 

Chlorine  (01) . i^096 


On  the  flat  at  the  north  end  of  the  rango 
several  hot  springs,  some  of  which  have  a 
temperature  above  100°  F.,*  furnish  a  con¬ 
siderable  flow  of  rather  higiily  mineralized 
water.  Fish  Springs,  near  the  Thomas  ranch, 
at  the  eastern  base  of  the  range,  has  a  consid- 
orabio  flow  of  water  of  fair  quality-.  Good 
drinkmg  water  is  obtuinuble  from  tbo  artesian 
wells  at  Callao. 

Farm  supplies  are  obtained  from  the  ranches 
bi  Snake  and  Fish  Springs  valleys  and  from 
De.serot. 

Tho  cost  of  freighting  ore  from  the  camp 
to  Oasis  is  about  812  per  ton.  Eight-borso 
teams  are  able  to  haul  about  15,000  pounds 
when  the  roatls  are  in  good  condition.  Tbvolve 
to  fourteen  days  are  commonly  required  for 
the  round  trip.  The  total  cost  of  freight 
from  tho  mmes  to  the  smelters  is  about  815 
per  ton  for  ore  valued  at  less  than  SlOO  per  ton. 


HISTORY  ANTD  PBODTTCTIO:!. 


By  V.  C.  EIeikes. 

The  Fish  Springs  district  was  organized 
March  20,  1891.  C.  C.  Van  -Vlstine  Is  reported 
to  hove  discovered  the  first  mineralized  float, 
which  led  to  the  discoveiy  of  the  Lhah  and 
Galena  mines  in  1890,  which  later  became  tbo 
prmcijial  producere  of  tlie  district.  From  its 
discovery  to  1914  the  Utah  mine  has  made 
regular  shipments,  which,  for  the  full  pro¬ 
ductive  period,  have  averaged  48  cents  per 
ton  in  gold,  128.35  ounces  per  ton  of  silver, 
and  44.04  per  cent  lead,  a  gross  average  value 
of  8121.58  per  ton.  The  niuie  has  produced 
12,997  dry  tons  of  ore  contaiiung  80,227  in 
gold,  1,608,205  ounces  of  silver,  11,447,930 
pounds  of  lead,  valued,  at  each  year's  commer- 

•  Mpluzcr,  O.  E.,  Ground  wuIpx  In  Juab,  MlUarr],  and  Iron  countio^ 
Utah:  U.  S.’  Ocol.  Sorrey  W«<«T-Supply  Pop«r  *77,  p.  Ub,  IWl, 

•  Idam,  p.175. 
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c.id  prices,  at  81,580,186.  The  dividends  i>aid 
are  reported  to  total  S288,7'2(j.  I'roni  ISJI 
to  December,  1897,  the  dividends  of  the  com¬ 
pany  amounted  to  8152,000,  indicating  a 
profit  on  the  ore  shipped  of  845  per  ton  and  a 
total  cost  per  ton,  including  freight  and  sam¬ 
pling  charges,  of  S7G  per  ton. 

The  Galena  property  odjouis  the  1  tali  on 
the  west  and  is  second  hi  importance  of  pro¬ 
duction.  It  is  reported  to  have  yielded  about 
3,000  tons  of  ore,  beginning  in  1891,  audshipping 
irregularly  for  the  juust  ten,  years,  llie  gross 
value  of  the  ore  produced  was  about  .S.'130,000, 

Metal!!  jirodured  In  Fi^th 


coiniuoii  with  otlier  ranges  of  the  region  are 
the  wave-cut  terraces  about  its  northern  en(j 
that  mark  the  higher  stages  of  the  predecessor 
of  the  Great  Salt  Lake,  A  road  fur  light  traffic 
crosses  the  range  in  the  latitude  of  FishSprino-. 

PhysiographicoLly,  the  range  is  similar  to 
other  Ba.sin  Raiiges.  Its  block-faidt  character 
was  recognized  by  Gilbert,*  ivho  says: 

The  Bouse  Range  waa  long  ago  recognized  as  a  faulted 
mouccliuc  in  which  tho  direttion  of  di^filacemcut  u 
reversed  midway.  The  northern  third  of  the  range  ('.be 
Fi.sh  (Springs  Range]  exhibits  a  westerly  dip,  and  is 
faulted  along  the  eastern  ba.-ij;  the  southern  part  has  an 

Spriugn  district,  1S01-19S7. 
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261 
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22 

•  21 
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79,970 
68,073 
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20,169 
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66,007 
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17,88-1 
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8,411 

. 
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1 
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5, 880,  940 
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»1,  107, 988 
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480,  390 

21,  137 

65,725 
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24,  2S7 
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40, 938 
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3 1 , 966 

61,C'83 

652,  806 

28,560 

80,965 

661,672 

31,  094 

84,495 

1,022,205 

•58, 266 

136,453 

607,  247 

32,  181 

93,  '210 

885,  092 

37,  171 
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675,  030 

29.  027 

76, 126 

717,929 

31,589 

80,767 

637,  054 

28, 667 

71,541 

.501,  252 

22,556 

65,210 
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8, 135 

24,025 

292,  75-1 

11,418 

29,504 

28, 412 

1,335 

3,345 

115, 528 

7. 971 

21,265 

63, 824 

6,489 

13,000 

16, 669,  128 

678, 6.56 

2,  .316,461 

out  of  which  §S0,0tX)  is  said  to  have  been 
returned  in  dividends. 

Tho  Emma  claim  was  the  next  largest 
producer.  Other  producers  are  the  ^'ulean, 
Utah  2,  Cactus,  Spanish,  Adii,  Wild  Cat, 
Earl}'  Harvest,  and  L»i.st  Chance  claims. 

■  PHYSIOGRAPHY, 

Tho  elevation  of  tlio  range  hi  the  north  is 
about  7,000  feet  and  fartlicc  south  is  about 
8,500.  Tho  elevation  of  the  lower  parts  of  the 
desert  vaUeys  is  about  4,3.50  feet,  giving  a  re¬ 
lief  of  over  4,000  feet.  Tho  range,  esyieciall v  on 
tiio  east,  ruses  abrujitly  from  the  desert  plain  in 
slopes  that  are  mostly  rugged  and  cut  by  nar¬ 
row  canyons.  Striking  features  of  this  in 


easterly  dip  and  is  faulted  on  the  western  base.’  This 
determination  waa  eubsctjucntly  conlimiBd  by  the  dw- 
covery  cf  a  woll~definod  fault  scarp  in  the  viciniiy  of 
l-'ish  Bpring,  and  an  obscure  and  probably  very  ancient 
scarp  at  the  western  baso  of  tho  sotithorn  diviiion. 

That  the  range  i.s  in  an  immature  stage  of 
physiographic  development  is  shown  by  i<s 
rugged  character  and  its  narrow  canyons. 

If  the  hue  of  thermiil  springs  represents  the 
position  of  a  strong  fault  along  the  front  of  the 
range  ^  the  retix'ut  of  the  front  of  the  rai^^ 
since  it  Wiis  uphfled  h:i3  not  been  great. 

>  QillxiTt,  G.  K.,  Lttks  Bonocvtlle;  V.  S.  Gc»l.  Survfy  .Moa.  1.  ?■ 
IS90. 

•  Gillwrt,  a.  K.,  Report  o»i  I  he  BCoJope  of  jiortloM  of 
CoUfoniio,  xacl  Arleoun:  f.  8.  Gtog.  BBil  O«ol.  Surve}-*  W.  Iw'*'  ' 

RepU,  voL  3,  pp.  27-2X,  IS73, 

»  Heiour,  O.  K.,  op.  cll.,  p.  lie.. 
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Tho  position  of  Fish  Sjiritisis  Pavs  bos 
npurcnily  boon  delonuiiifil  by  u!i  ciwt-west 
fault  zoo*?-  north  oiul  of  Iho  range  the 

old  wave-cut  torraco-s  may  ho  followed  for  long 
distances.  I’liey  mark  tho  water  levid  at  dilTcr- 
enl  stupes  of  Lake  Bonneville,  the  predecessor 
of  the  present  Oreat  Salt  Lako. 

GEOLOGY. 

SKDDfENTAKY  ROCKS. 

Sedimentary  rocks  mako  up  a  large  part  of 
fho  House  Kango.  Those  m  t  ho  nortlreni  part 
(the  only  pitct  o.\»unined  by  the  writer)  are 
predominantly  limestone,  intcr-spoi-sed  with 
sbaly  and  sibceoua  lieds  and  at  one  horizon  by 
.sevend  hundred  feet  of  rather  massive  quartz¬ 
ite.  South  of  Fish  Springs  Puss  the  quartzite 
outcrops  near  the  divide,  and  north  of  the  pass 
neor  the  eastern  base  of  the  range. 

Fossils  wore  collected  from  the  following 
localities:  141,  float  on  the  east  side  of  Fish 
Springs  Range,  the  material  apparently  coming 
from  a  horizon  considerably  below  the  quartz¬ 
ite;  142,  divide  just  south  of  the  trail  from  Fish 
Springs  to  the  Tlioraiis  ranch  j  ust  beueat  h  the 
quartzite;  143,  limestone  overlying  quartzite 
east  of  the  Carnation  mme.  On  tho.se  collec¬ 
tions  Eilwiu  Kirk  made  the  following  report: 

LocakVy  141.  Full  Spr'mgH  Raagr: 

hinorthit  foatioalia 

Daloiaaella  pogonipeasia  Hall  and  Wliitfleld, 

Orlhiii  cf.  0.  tricenaria  Conrad. 

Cy.sLid  plate  genus? 

Loesliiy  142.  Fish  Sfirlnga  Range: 

OftLis  neat  0.  hainburgerisia  Walcott. 

Dalaianella  cf,  D.  eleetra  Billings. 

Sjujirophia  calcifoni  Rilliiigs. 

Eccylioplariu  michleranua?  Uall. 

Bathyurua  ip. 

Ptioraera  tp. 

Sponge  n.  gen.  near  Climacoapongia. 
l^iiy  113: 

Dalmaoella  scar  D.  pvgooipciuw  Hall  and  VtlilUleld, 

RaphuiooiaT  *p. 

Madurro  nruiulau?  Walcott. 

^phuaap. 

these  ihro«  lota  contain  fowib  identical  with  those 
obtained  by  hfr.  Walcott  in  the  upper  part  of  the  Pogoidp 
lifflcitoao  o(  tho  Kuroka  district,  Nevada.  In  correlation 
*>lh  frinaaticoa  in  tho  £a.st  theao  beda  might  bro<»dIy  bo 
clueul  as  Beekmantowu. 

tVom  the  fossil  evidence  it  seems  probable 
mat  all  the  sedimentary  rocks  in  the  northern 
pvt  of  the  range  are  of  Ordovician  or  Silurian 
*8":  though  it  is  possible  that  the  lowest  beds, 


from  which  fossils  were  not  collected,  aro  of 
Cambrian  irgc.  Farther  south,  hi  the  House 
Range,  a  considerable  thickness  of  Cambrian 
sediments  is  exposed. 

lOXEtmS  IMK  KS. 

A  largo  area  of  flow  rocks  w<^t  of  the  T''i3h 
Springs  Range,  mapped  as  luistdts  in  early  days, 
wevo  not  cxaraiuetl  in  the  course  of  the  present 
work,  but  will  not  iniprobulily  eventually  bo 
found  to  be  of  a  (ypo  much  more  silictvjns  than 
basalt. 

In  the  vicuiity  of  the  mining  district  tho  igne¬ 
ous  rocks  are  confined  to  a  few  dikes  in  tho  soili- 
mentary  rocks.  Tho  largest  of  the.so  up  to  50 
feet  in  thickness  is  near  tho  Utah  mine.  It 
strikes  genoiiill)'  cast.  This  diko  outerops 
prominently  near  tho  western  front  of  the  riuigo 
A  smaller  dike  near  tho  Ermun  mine  on  the 
south  is  of  the  same  general  character. 

Much  of  (ho  surface  rock  w  stained  reddish 
browTi  from  iron.  Tho  freshest,  specimens 
collected  consist  of  a  light-gray  groundmass 
containmg  rather  abiuidant  phenocr3'St3  of 
quartz,  orthochuse,  and  biotile.  Under  the  mi¬ 
croscope  the  rock  is  seen  to  f:onsist  essentially 
of  phenocrysts  of  ortboclasc,  quartz,  and  bio- 
tite  in  a  groundmass  composed  largely  of  quartz 
andorthoclase.  In  some  specimens  thoground- 
mu-ss  is  very  finely  ciystaliuie  and  tho  muieruls 
can  not  be  positively  determined.  Apatite  is 
a  rather  abimdant  acccssoiy  minend,  and  most 
I  of  the  specimens  contain  sccondar}'  minerals, 
notably  cidcite,  which  i.s  locally  rather  abun¬ 
dant.  All  Ihespecimens  exiuuined  are  of  essen¬ 
tially  tho  same  composition,  and  the  rock  may 
he  classed  as  a  granite  porphyry. 

STUUCrURK. 

The  general  structure  of  the  range  is  rela¬ 
tively  simple,  but  tho  detailed  structure  is 
locally  rather  complex  and  will  require  carefid 
mapping  boforo  it  can  be  properly  iuterpreted. 
Tiie  range  has  been  outhiiod  by  uorfh-soutli 
faults  and  has  been  relatively  uplifted  on  tho 
cost.  Tbo  beds  have  a  westerly  dip  that  is 
locally  35°  but  that  averiiges  considerably 
less.  Lesser  north-south  faults  riinge  in  extont 
from  “slips"  wluso  displacomont  can  scarcely 
be  detected  to  those  vrhoso  displacement  is 
measured  in  scores  of  feet;  there  is  also  oast- 
west  faulting  that  is  especially  marked  near  Fish 
Springs  Pass,  north  of  which  tho  rocks  have 
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been  relativoly  loworcd  or  thrown  to  the  oiist 
pevcnil  thousand  feet.  Numerous  oast-west 
fissures  and  faults  of  small  throw  have  been 
oecupied  b}'  di  kes  or  have  furnished  the  channels 
for  tlio  circulation  of  ore  solutions.  So  far  ns 
observed,  tho  east-west  faults  arc  the  older  and 
are  cut  off  by  the  north-south  faults,  which 
(at  least  tlic  "slips"  seen  in  the  mines)  arc 
apparently  later  than  tho  granite  porphyry 
dikes  and  the  <lcposition  of  tho  ores. 

ORE  DEPOSITS. 

;\J1  the  ore  deposits  of  the  district  are  re¬ 
placements  of  limestone,  and  all  thus  fai' 
developed  uro  associated  with  the  east-west 
fi.«3uriug.  All  of  them  ju'o  load-silver  ores, 
in  which  the  silver  content  is  uniformly  liigh 
and  the  gold  content  low. 

in'An-GAI.R.\',V  FISSURE. 

Tho  most  productive  area  thus  far  developed 
is  associated  with  the  Utnh-Galona  fissui’c 
zone,  which  trends  ca.st,  south  of  and  p.arallel  to 
tho  laigc-st  gTjmitc  porphyry  dike  of  the 
district.  The  fissure  dips  more  steeply  than 
tho  dike;  on  the  surface  tho  two  are  about 
50  feet  apiut  imd  on  the  lowost  or  800- 
foot  level  of  tho  Utah  mine  they  are  nom-ly 
100  feet  apart.  Tho  ore  l)odics  occur  veiy 
irregularly.  Many  of  them  seem  to  follow 
the  intomoctioii  of  tho  fissures  with  certain 
of  the  limestone  bed.s,  but  irregularity  is  too 
groat  to  warrant  Jiny  general  statement.  In 
prospecting  it  has  l)eea  tho  custom  to  follow 
the  fissures,  oven  though  they  become  very 
"tight"  luid  show  littlo  indication  of  minerali¬ 
zation  and  oven  though  they  arc  interrupted 
by  north-south  faults  or  "slips. "  M»uiy  of 
these  faint  loads  have  been  followed  to  valu¬ 
able  deposits. 

Practically  all  tho  oro  thus  far  o.xtracted  has 
come,  from  a  fissured  area  south  of  and  under¬ 
lying  tho  granite  porpliyry  dike.  Small  bodies 
of  oro  have  been  found  at  the  contact,  and  the 
lime.stone  in  places  has  been  replaced  by 
sericitic  inuscovito,  but  more  commonly  the 
shoots  lie  at  some  distance  though  usually  not 
more  than  100  feet  from  the  contact. 

Some  prospecting  has  been  done  on  the  north 
or  hanging-wallsido  of  the  porphyry  dike  on  the 
800-foot  level,  and  a  littlo  ore  has  boon  found. 
In  several  similar  occurrences  in  the  State  the 


larger  ore  bodies  lie  on  tho  fnotwall  .sirlcs  of 
dikc-s. 

The.  limestone  usually  shows  little  alteration 
even  within  a  few  feet  of  an  important  orc 
body,  imd  much  credit  is  due  to  the  manage¬ 
ment  of  tho  Utah  mino  for  tho  skill  it  has 
shown  iti  tho  search  for  ore. 

The  primary'-  mineralization  in  the  Utah 
mino  consists  of  galena  and  pyrito  and  a  little 
sphalerite  rcpliicing  the  hinestone.  Second  .uv 
copper  minoraLs  in  small  amount  have  probablv 
resulted  from  the  iiJteration  of  chalcopyrite, 
Some  oxidation  of  the  ore  continues  to  tho 
deepest  levels  of  the  mine,  and  .sonic  shooLs  of 
ore  have  been  largely  altered  to  secondarv 
minerol-s,  though  some  bodies  of  galena  oro 
show  only  slight  alteration.  Tlio  final  prod¬ 
ucts  of  alteration  arc  commonly  cerusite  and 
limonito.  Before  tho  oxidation  is  complete 
sulphates  are  locally  present  in  cousidcrablo 
abumhmee. 

The  galena  iJtei-s  along  tho  cleavo.gc  plane, 
first  to  angles!  to  and  then  to  uorusito.  In  the 
shoots  where  pyrite  is  present  in  considerable 
abundance  tho  basic  ferric-leiMl  sulphate 
plumbojarosite  is  commonly  formed.  Shoots 
of  ore  in  which  this  rainenU  is  abundant  were 
seen  in  the  mino,  and  tho  writer  was  told  tbal 
in  some  places  it  foims  a  casing  around  the 
high-grado  ores.  In  tho  more  lugld}'  oxidized 
shoots  tho  plumbojarosite  has  been  altered 
to  limonito  and  cenisite.  The  WTiter  did  not 
got  material  in  which  silver  minerals  could  he 
definitely  determined.  Some  specimens  of 
galena  rich  in  silver  do  not  contain  a  recogniz¬ 
able  silver  mineral.  In  tho  oxidized  oro  horn 
silver  is  said  to  occur. 

Migration  of  tho  valuable  metals  apijeais 
to  have  been  very  slight.  Tl-.o  galena  was 
first  altered  to  the  sulphate,  angles! te,  or  to 
plumbojarosite,  both  of  which  ore  relatively 
uisoluble,  and  later  U>  the  carbonate,  which 
is  only  slightly  soluble,  so  that  the  lead 
moved  very  littlo.  Tlie  some  seems  to  have 
been  true  in  large  part,  for  the  iron.  Th® 
pyrite  was  first  altered  to  sulphate,  wliich 
in  pai-t  combined  with  lead  compounds  to 
form  plumbojarosite  and  in  part  oxidize 
to  Ihnonite,  and  as  oL’cady  noted  the  plumbo¬ 
jarosite  eventually  altered  to  two  relatively 
insoluble  lead  and  iron  minerals,  cenisite  an 
limonite.  Copper  shows  more  U'udency  1^ 
migrate;  the  replacement  of  galena  by  ' 
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lile  was  noted,  and  though  tlie  ore  as  a  whole 
contains  little  copper,  tho  presence  of  coasider- 
ablo  amounts  of  the  secondary  copper  miueroLs 
in  small  areas  suggests  considerable  migration 
and  concentration  of  that  inctal.  Silver, 
like  lead,  seems  to  have  moved  but  little  dur¬ 
ing  oxidation,  probably  owing  to  tho  presence 
of  abundant  chlorine  in  the  ground  water  (see 
analyse!^,  p.  465),  which  caused  the  forma¬ 
tion  of  the  slightly  soluble  silver  chloride  as 
soon  as  the  original  silver  mineral  \vas  altered. 

Both  tho  sulphide  and  oxidized  ores  are  of 
high  grade,  and  It  is  doubtful  if  they  have  been 
materially  changed  iit  metal  content  by  oxi¬ 
dation,  so  that  it  may  he  expected  tliat  ores 
foimd  at  deeper  levels  svill  show  no  marked 
decrease  in  tenor. 

Only  high-gi’ade  ore  and  .some  associated 
second-grade  ore  have  been  extracted.  Most 
of  tho  second-grade  ore  can  not  bo  profitably 
shipped  under  present  conditions  and  is  left 
in  the  mine,  from  which  it  can  bo  extracted 
cheaply. 

The  occurrence  of  the  ore  in  the  Galena 
mine,  which  is  on  the  some  fissure  system,  is 
similar  to  that  in  the  Utah  mine.  The  mine 
has  been  developed  to  a  depth  of  700  feet  and 
considerable  ore  extracted.  It  has  not  been 
(>{)erated  (pr  several  years  and  was  not  e.xam- 
ined  by  the  WTiter. 

lu  1918  a  mill  wa.s  built  for  the  treatment 
of  the  lew-grado  ores  of  the  district. 

OTHEll  FISSirRES. 

The  Emma  mine  has  been  developed  on  a 
fissnre  a  few  hundred  feet  south  of  the  Utah- 
Gilena  fissure.  The  occurrence  of  the  ores 
B  very  similar  to  that  in  the  Utah  mine, 
though  the  ore  shoots  are  smaller  and  tho  ore 
Jsone  not  so  extensive.  As  in  tho  Utah  mine, 
•  small  dike  of  the  granite  porphyry  is  closely 
Associated  with  the  ores. 

The  Meteor  .and  other  prospects  have  been 
operated  on  this  fissure  zone  but  were  not 
Active  at  the  time  of  visit. 

StiUfarther  south  theCavnatiou  mine  has  been 

'doped on  another  essentially  parallel  fissure. 

^  Wes  Opened  in  the  spring  of  1912  by  an  in- 
cd  shaft  230  feet  deep,  which  follows  tho  dip 
®  A  t'orth-south  fault  or  “slip”  that  cuts  the 
^t-west  ore  fissure.  All  development  at 

0  time  of  visit  had  been  cjist  of  the  fault. 


Tlie  ore,  as  in  other  sections  of  the  camp, 
occurs  in  irregulai’  shoots^  between  which 
tho  fissure  shows  litdo  .mineralization.  'The 
oie  rained  has  been  of  high  grade. 

DEEP  CREEK  RANGE. 

By  B.  S.  BnTi.ea. 

geography. 

Tho  Deep  Creek  range  extends  for  nearly 
50  miles  along  tho  western  border  of  Utah 
in  Tooele  and  Juab  counties.  Tho  fortieth 
parallel  of  latiludo  crosses  tho  range  near 
its  central  part.  To  the  west  is  the  Deep 
Creek  valley,  a  fertQe  agricultural  section 
watered  by  streams  from  tho  high  mountains 
of  tho  southom  part  of  tho  range.  On  tho 
east  the  range  is  bordered  to  the  north  by  the 
southward  extension  of  the  Great  Salt  Lake 
Desert  and  to  the  south  by  Snake  Valley. 
Streams  from  the  mountauis  supply  several 
ranchos  in  Snake  Valley. 

Prospecting  and  mining  have  been  most 
extensive  in  the  northern  part  of  the  range 
in  tho  ncinity  of  Clifton  and  Gold  Hill  but 
have  also  been  carried  on  at  the  Qnoen  of 
Sheba  mine  on  the  west  side  of  the  range  and 
on  'Trout  Creek  and  Granite  Creek  on  the 
east  side  of  the  range. 

'The  nearest  railroad  point  prior  to  1917 
was  Wendovor,  on  the  Western  Pacific  Rail¬ 
road,  40  to  50  miles  from  the  more  active  part 
of  the  mineral  region.  In  1917  a  raihbad 
was  completed  from  Wendover  to  Gold  Hill. 
TTie  old  overland  stage  route  from  Salt  Lake 
to  the  west  passes  through  a  low  gap  in  the 
northern  pait  of  the  range  and  furnished  a 
route  to  St.  Johns,  on  tho  Los  ^Vngeles  &  Salt 
Lake  Railrotrd,  wliicb  was  (ho  most  convenient 
shipping  point  for  tho  district. 

'The  lack  of  cheap  transport  at  ion  has  been 
A  serious  handicap  in  the  development  of  tho 
district.  Only  part  of  the  ores  are  susceptible 
to  milling,  and  the  rf^ion  has  been  too  remote 
for  cheap  smelting,  oven  if  a  suitable  mixture 
of  ores  could  be  hixd.  'The  advent  of  the  rail¬ 
road  should  gicatly  stimulate  development 
and  production. 

In  the  southern  and  higlwr  part  of  the 
range,  including  the  Spring  Creek,  Willow 
Sprbigs,  Trout  Creek,  and  Granite  Cieek 
areas  e.xceUent  water  is  abundant,  the  molting 
snow  from  the  higher  parts  of  the  range  sup- 
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j>lyifi{5  the  strennis  uiitil  well  into  tlio  sunimer. 
Tn  Ibo  norlhuni  piirt  of  the  ningo,  where  the 
elevations  aro  relatively  low,  the  water 
scarce  and  of  poor  quality.  Kane  Spring,  at 
Gold  Hill,  furnishes  a  smaU  supply  that  was 
used  for  the  mill  and  for  slock,  and  in  periods 
of  greatest  How  for  drinking  and  cooking. 
It  is  far  from  satisfactory  for  drinking,  how¬ 
ever,  at  least  until  one  becomes  accustomed 
to  it..  Ocher  Springs,  which  aro  suid  to  flow 
appro-vunatcly  2  gallons  per  minute,  supply 
tho  Gold  Hill  miue.  There  aro  other  springs 
from  which  a  .small  How  of  water  could  un¬ 
doubtedly  ho  developed.  Springs  at  Clifton 
fui-nish  water  that  is  used  for  all  |mi-poses  but 
is  not  of  very  good  quality.  Other  springs 
in  tho  etiatern  part  of  tho  district  fui-nish  small  1 
flows  of  water.  Ivcddijig  Spring,  on  tho  desert 
east  of  tho  range,  is  sjiid  to  have  an  abundant 
.supply  of  water  of  good  (lunlity.  Artesian 
Wiitor  of  go<td  quality  for  drinking  can  be 
obtained  from  Ibapah  in  tho  Deep  CIroek 
vallo}'  or  from  Callao  oust  of  tho  range. 

Timber  suitable  for  building,  mining,  and 
fuel  is  pr<s=ent  m  considerable  quantity  in  the 
southern  part  of  the  range.  North  of  the  | 
Overland  C'anvcm,  except  in  the  higher  purls  of 
Dutch  Mountain,  cedar  and  a  few  other  low 
scriibb}'  trees  are  tho  only  timber,  ami  over 
much  of  the  district  even  these  are  tvlmost 
absent.  Near  the  summit  of  Dutch  Mountain 
thcTO  is  some  timber  of  fah  quality. 

Tile  roivd.s  are  in  general  good,  considering 
the  attention  given  them,  the  relatively  gentle 
grades  and  gravelly  soil  in  tho  northoni  part 
of  the  range  being  favorahlo  to  tho  jire-serva- 
tion  of  roads. 

The  minoralized  districts  are  neiir  tho  fertile 
Deep  Cj-eek  valley,  from  which  they  obtain 
farm  jiroducts  at  reasonable  prices. 

PHYSIOGRAPHY. 

The  Deep  Creek  Range  in  common  with 
other  of  the  Basin  Ranges  rises  abruptly  from 
the  desert  plateau.  The  lower  parts  of  the 
desert  have  an  elevation  of  about  4,.500  feet 
and  the  mountains  a  ma.xinium  elevation  of 
12,100  feet.  The  southern  and’  central  parts 
of  the  rango  are  composed  largely  of  quartzite 
and  grimile  nud  are  steep  and  nigged,  the 
streams  being  in  ileop  canyons.  Tho  noribcru 
part  of  the  range  has  much  less  relief  an<l  the 


j  weaker  roclvs  have  resulted  in  broader  valleys 
and  more  gentle  slopes.  Overland  Canyoa 
is  a  low  piuss  across  the  range  which  has  hcea 
a  main  roulo  of  travel  tlirough  the  region  since 
early  days. 

In  the  northern  part  of  the  rango  there  arc 
no  peronnial  streams  and  few  springs.  In  die 
southern  part,  on  the  other  hand,  the  larger 
can3'ons  contain  streams  that  persist  through¬ 
out  tho  year  and  furnish  water  for  the  hvlga- 
Lion  of  numerous  ranchos.  The  largest  stream 
of  the  region  is  Deep  Creek,  which  in  the  wet 
season  flows  to  the  desert  north  of  the  range. 

The  physiographic  features  of  tho  Deep 
Creek  Range  and  vic’mity  do  not  differ  materi¬ 
ally  from  those  of  many  parts  of  the  Great 
Basin.  To  the  north  is  tho  level  barren  expanse 
of  the  Great  Salt  Lake  Desert  with  a  southward 
extension  into  Snake  Valley  that  represents 
the  bottom  of  an  old  lake  from  which  the 
Avatere  have  receded.  .i\j-ound  tho  northern 
end  of  tho  moimtaius  tho  old  shore  lines  are 
prominent.  Flanldng  the  range  on  either  side 
aro  the  great  alluvial  deposits  characteristic 
of  desert  moim tains. 

Tho  range  itself  is  probably  a  relatively 
uplifteil  block  outlined  on  both  tho  oast  and 
the  west  by  north-south  faidts.  Gilbert ' 
says;  < 

The  Deep  Creek  Range,  wliieh  forms  part  of  the  western 
boundary  of  (ho  BonneATlle  Oaain,  is  faiil(ed  on  both  sides. 
In  the  vicinity  of  tha  old  overland  read  crossing' the  ridge 
from  Willow  Spring  to  Deep  Creek  settlement,  to  which 
vicinity  observation  wa.s  restricted,  the  range  is  flanked 
on  the  cast  by  a  broad  and  liich  alluedal  slope.  No  fault 
scarp  was  aeon,  but  near  the  lower  nruirgia  of  the  slope  a 
partial  section  of  tho  lake  sediments  shows  tliat  they  were 
disturbed  during  the  period  of  their  deposition.  The 
Yellow  Clay  at  one  place  suffered  nplifl  and  erosion  before 
tho  deposition  of  the  \\'hito  Marl,  so  that  (hero  is  uncon¬ 
formity  of  dip«,  and  at  another  point  the  Yellow  Chay  and 
White  Marl  together  are  eo  greatly  disturbed  that  Ihor 
inclination  is  toward  the  mountain.  Tho  supcrficul 
bjpography  that  must  have  been  created  by  those  disturb¬ 
ances  was  obliterated  by  wave  work,  and  at  the  locality 
of  the  section  the  upper  edge  of  the  inclined  block  wus 
planed  away  in  the  formation  of  a  terrace  of  the  P»'P 
shore. 

On  the  west  side  of  the  range  an  aucient  and  nearly 
obliicratcii  scarp  creeses  the  alluvial  slope  near  it*  nppet 
edge.  On  ilio  opposite  side  of  tlie  Deep  Creek  valley  • 
bettor  preserved  fault  scarp  follows  the  eastern  base 
tho  Gosiuic  Range.  It  lies  far  above  tho  Bonneville  shore 
Huo  and  wa.s  not  critically  examined.  _ 

'  Oilbwl,  a.  K.,  I.jto  BoonovlUe:  U.  S.  Ocol.  Survey  Mon.  1,  P- 
IS90. 
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Jin  eftsl^west  atructunil  break  acros.s  the 
range  in  the  region  of  the  Ovorknd  Puss  hivs 
tluo\vn  the  rocks  north  of  the  pusw  roliit.Ively 
down.  Erosion  has  ctirs'ed  naiTow  canyons 
in  the  resistant  quartzites  .and  gianilcs,  and 
has  produced  a  very  rugged  topogi'nphy.  In 
the  softer  rocks  to  the  north  the  canyons  Inivc 
hocn  broadened  into  a  compnriitively  mild 
relief. 

GEOLOGY. 

SEDniKXT.VRY  ROCKS. 

Tlie  lowest  formation  exposed  (the  one  that 
forms  the  main  part  of  tho  range  toward  the 
south)  (insists  chiefly  of  quartzite  with  inter¬ 
calated  schist  layers.  Tho  schist  is  composed 
largely  of  quartz  and  mica,  muscovite  and  bio- 
titomica  being  present  in  about  equal  amounts. 
11)6  quartzite  also  contams  some  mica.  Near 
the  base  of  the  formation  as  expo.sed  at  Trout 
Creek  in  the  east  side  of  the  range  there  are 
some  metamorphosed  calcareous  beds.  The 
thickness  of  tho  quartzite  \v»is  not  measured 
but  is  cerU'iinly  several  thousand  feet,  os  it 
makes  up  ulcnost  the  entire  range  at  iho  latitude 
of  IVout  Creek,  the  overlying  limestone  being 
present  only  in  tho  foothills  on  the  west  side. 
Xo  fossils  were  found,  but  tho  general  character 
of  the  rock  has  led  to  its  being  provisionally 
referred  to  tho  Cumbrian,  though  the  base 
may  be  pre-Cumbriau. 

Overlying  the  quartzite-schist  foraiation 
are  hcavj'-bcdded  limestones.  In  the  southern 
part  of  the  i-ango  they  are  present  only  on  the 
western  side  in  tho  foothills.  North  of  the 
Ibapah  mmss  of  granite  they  form  the  western 
part  of  the  range,  and  in  the  vicinity  of  Over- 
laud  Pass  they  form  a  largo  part  of  it.  North 
of  Uic  jiass  the  Cambrian  quartzite  is  enthely 
younger  formations  making  up  the 
oatffe  range.  Fos-sils  were  not  coDected  from 
thhi  limestone  south  of  Overland  Pass  by  the 
vnfer,  but  Mr.  James  Lauton  furnished  him 
^th  a  collection  said  to  have  come  from  a 
1,000  to  2,000  feet  above  tho  quartzite 
ooUected  just  south  of  Johnsons  Canyon. 

This  collection  WiW  e.xummed  by  Edwin 
^k,  who  reports  the  followmg  speedes: 

rtftis  n.  sp.  near  O.  irice^naria  Com  ad,  Clitam- 

Jiife,??  ioneiu's-in  Walcott,  AparcMtes  ?  sp.  Mr. 
states  that  tho  fossils  represent  tho  hori- 
of  the  upper  part  of  the  Pogonip  limestone, 
*  ich  may  be  correlated  with  the  lower  part 


of  tho  Simpson  formation  of  Oklahoma,  which 
IS  held  to  bo  bcsal  Ordovician  by  Ulrich. 

North  of  the  Overland  Pass  the  struct ui'o  of 
the  r.ange  is  comple.x,  and  a  clear  understand¬ 
ing  of  tlio  sedimentary  scries  ctu)  l)o  obtained 
only  by  a  detailed  mapping  of  tho  geology  of 
the  area. 

Tlie  south  end  of  Clifton  Mountain  is  com- 
pos<'d  on  the  western  siilo  principally  of  lime¬ 
stone,  and  on  the  eastern  side  is  made  up  of  a 
gi'eul  shale  series,  much  of  which  is  very  siliceous, 
and  of  some  beds  of  quartzite  and  shaly  lime¬ 
stone.  Fossils  collected  from  the  limestone 
talus  in  the  canyon  above  the  spring  at  Clifton 
were  doteimiued  by  G.  H,  Girty  us  Zaphrentvs 
sp.,  Mi'iwphyUutn  sp.,  SchvcherleUa  chemungoi- 
vM  (?),  and  Eumiphalus  utaliensis.  Mr,  Girty 
says:  “I  tliink  that  the  Madison  (lower 
Mlsslsslpj)ian)  is  present  in  it,  but  Lhero  are 
also  suggestions  of  upper  iDssissIppian.” 

In  a  collection  fi-om  the  shale  series  on  the 
et)8t  side  of  the  rango  Mr,  Gu-ty  determined 
FuJtulim  sp.,  BatmtcrmeTla  sp.,  lihomhopora 
lejndodcndroUlt'b',  and  BfiUcrophm  sp.  Mr,  Girt}'  • 
stales  that  this  collection  is  of  Pennsylvanian 
ago. 

No  fossils  were  collected  from  tho  limestones 
between  Clifton  and  Gold  IlilL  A  few  hun¬ 
dred  yarths  southwest  of  Gold  Hill  a  collection 
(No.  578)  was  made,  from  which  Mr.  Girty  de¬ 
termined  Pivductus  irilnjonnis,  Mardnia  sp., 
Spiriferina  iransversa?,  NucuJa?  sp.,  Myalina 
aff.  M.  Hancliludomci,  Aviculipecteri,  sp.,  and 
Edmorulia  sp.  Mr.  Girty  states  that  these  are 
probably  upper  Mississippian. 

Tho  structure  in  tho  region  between  Gold  Hill 
and  Clifton  is  too  complex  to  make  it  possible 
without  detailed  study  to  give  even  an  approxi¬ 
mate  correlation  of  tho  diUcrcnt  ni-e«ia  of  lime¬ 
stone  that  have  been  included  in  the  monzonitic 
intrusive.  It  is  probably  safe  to  say  that  they 
are  all  of  Carboniferous  age. 

In  tho  vicinity  of  Gold  Hall  south  and  south¬ 
east  of  tho  post  office  and  north  and  northwest 
of  the  Gold  Hill  mine,  considerable  arcus  of  shaly 
and  .siliceous  sediments  show  much  alteration 
and  induiuliou, 

Dutch  Jfountahi,  which  forms  tho  northern 
end  of  tho  Deep  Creek  Range,  is  composed  of 
limestone  and  quartzite,  which  strike  northeast 
and  dip  )iorthwest  at  alow  angle.  At  tho  V)ase 
of  the  range  to  the  east,  on  tho  routl  to  tho 
Spotted  Fawn  mine,  are  several  hundred  feet 
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of  limestone  ^nth  interbedded  strafii  of  shale 
and  shaly  limestone.  Overlying  tho  lime¬ 
stone  is  about  1,000  feet  of  while  find  reddish 
fluartzite.  Above  the  quartzite  is  100  to  200 
feet  of  micaceous  shiilo  tluit  hn.s  boon  consider¬ 
ably  metamorphosed  with  tho  development  of 
rather  abundant  mica,  giving  it  a  distinctly 
schistose  appearance.  Oviu'lying  tho  shale  and 
c.xtending  to  the  summit  of  the  mountain  is  a 
serii's  of  limcstono  and  interhedded  shaly  lime- 
atono  whose  exposed  thie.lcuess  is  about  2,000 
feet. 

Fossils  wero  collected  in  d6bris  just  above  tho 
slialo  bexls,  and  it  is  believed  that  they  were 
derived  from  tlio  limcstono  not  more  than  a 
few  hundred  feet  higher.  From  this  collection 
ill’.  Girty  detennined  Zaiihnmtis  sp.,  Bato- 
.stoiruUa  sp.,  Fcnrsklla  sp.,  Clionettn  sp.,  Pro- 
piincUUus,  and  RtmparoUxts  sp. 

Fossils  woro  also  eollecteil  near  tho  summit 
of  tho  range  above  tlie  Spotted  Fawn  mine, 
among  which  Fcapstclla  sp.,  CysUjJidija  sp., 
and  Produdus  cord?  were  determined. 

ill',  Gii'ty  considers  that  both  collections 
are  prohaldy  upper  ilissi.ssippiiin. 

Tlie  ages  of  tho  quartzite  and  of  the  lime¬ 
stone  underlying  tho  quartzite  have  not  been 
(leterrnined  by  fossil  evidence.  At  no  other 
locality  witliln  the  Stale  has  the  writer  noted 
sediments  as  liiglily  metamorphosed  us  the 
micaceous  shales  in  rocks  knowm  to  bo  younger 
than  Cambrian. 

IGNEOUS  KOCK.S. 

Tho  area  contains  laige  bodie.s  of  igneous 
rotdts,  by  far  the  more  important  being  intru¬ 
sive  rocks,  though  there  are  lesser  bodies  of 
extrusive  rock. 

EXTRUSIVE  ROOKS. 

Lavfi  flows  so  far  ji.s  obsorvofl  are  continod  to 
tho  northern  end  of  the  range.  They  are 
present  northwest  of  Dutch  Moimtain,  whore 
Deep  Crock  has  cut  a  cariyoii  in  them,  and  east 
and  souihwt'st  of  ClifUm  iToimtuin  on  the 
flanks  of  tho  main  range.  ■  Several  small  areas 
of  lava  near  the  Ixtllom  of  the  valley  north  of 
Clifton  ho  entirely  within  the  range,  surrounded 
by  limestone  and  quartos  moiizouite,  and  ap¬ 
pear  to  have  flowed  over  the  area  after  the 
valley  had  been  eroded  (o  essentifilly  its 
present  form. 

The  flow  rocks  vary  I'oiisiderably  in  appear¬ 
ance,  but  those  obsen'od  were  of  medium  com¬ 


position — latites  and  quartz  latites,  witii  some 
that  might  be  ehisfied  as  andesites.  Their  re¬ 
lation  to  tho  sedimentary  rocks  and  to  the  in¬ 
trusive  rock  was  scon  only  in  the  valley  north 
of  Clift-on,  where  tliey  appear  to  oecupv  val- 
leys  eroded  in  both  the  sedinieiUnry  and  the 
intrusive  rocks  and  are  consequently  distmctly 
latei'.  They  may  be  provisionally  regarded 
as  of  Tertiary  ago  in  common  with  most  of  the 
effusive  rocks  of  adjacent  portions  of  Utah  and 
Nevada. 

INTRUSIVE  HOCKS. 

The  intrusive  rocks  consist  of  stocks  of 
granitic  rocks  and  of  dikes  cutting  both  the 
sediraentarj''  rocks  and  the  larger  intrusive 
bodies. 

RTOCKM. 

IpuhiJi  stoci:. — The  largest  body  of  intrusive 
rock  exposed  in  tlie.  area  centers  in  ilount 
Ibapah,  Lu  the  central  part  of  the  range.  It 
extends  along  the  ninge  for  about  6  miles 
with  a  width  of  approximately  S  miles,  and 
is  thus  one  of  the.  largest  intrusive  bodies  in 
the  State. 

Tho  rock  a-s  seen  on  both  sides  of  tho  range 
appears  to  be  uniform.  It  has  a  very  eoarsc- 
grained  granitic  texture  contairdng  feldspar 
cri'stals  ns  much  as  an  inch  in  greatest  tliinen- 
sion.  Under  the  microscope  and  in  the  hand 
specimen  the  rock  Ls  seen  to  be  composed 
of  orthoelaso,  quartz,  and  biotite,  but  with 
considerable  plagioclose,  near  oligodaso  in 
composition.  The  chief  variation  is  in.  the 
amount  of  quartz.  Some  of  the  plngioclase 
crystals  are  inclosed  in  tho  larger  orthoclase 
crystals.  Not  uifroquontly  the  plngioclasa 
crystals  uresmTOundod  by  a  fringe  composed  of 
a  fine  micropegmatitio  intcigrowth  of  feld¬ 
spars.  Albito  is  rather  abimdnnt  inteigroRm 
with  orthoclase.  Muscovite  occurs  os  an  altera¬ 
tion  product  of  biotite  and  to  a  slight  extent 
ns  an  alteration  of  feldspar.  Accessory 
erals  are  rare.  There  is  a  little  magnetite 
and  occasional  crjistals  of  zircon  and  apatite. 
The  rook  is  classed  as  grunodiorite,  though  *t 
closely  approaches  a  soda-rich  gi'anitc.  Tli* 
composition  of  the  r«>ck  isshowni  in  on  anolj'sis 
by  R,  C.  Wells,  from  a  specimen  from  Granite 
Canyon.  (See  p.  96.) 

Gold  HiU  and  Clifton  stoclc. — In  the  Odd 
Hill  and  (Tlifton  district,  in  the.  northern  part 
of  the  range,  the  sedimentary  rocks  have  bwn 
intruded  by  a  body  of  quartz  nionzonitc 
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haij  been  exposed  by  erosion  and  occupies 
numerous  arena  amid  the  sedimentary  rocks, 
jjauy  of  the  smaller  limestone  bodies  appear 
to  bo  undorlniu  at  no  great  depth  by  mon- 
jonite,  and  in  fact  appear  to  bo  sedimentary 
bjocks  resting  upon  monzonite.  The  general 
arrangement  of  the  sedimentary  and  the  intni- 
glvc  rocks  suggests  that  tlie  present  surface  is 
near  the  more  or  less  irregular  top  of  an  ex¬ 
tensive  intrusive,  body  that  occupies  a  large 
are*  in  the  district.  The  larger  bodies  of 
quartz  monzoiiite  (that  forming  tho  northern 
part  of  Clift-on  Mountain,  for  example)  prob¬ 
ably  once  ektended  to  considerably  g^e^^ter 
heights.  Wore  tho  present  surface  reduced  a 
thousand  feet  the  area  now  occupied  by  sedi- 
'inentuiy  rocks  would  probably  be  much  smaller 
and  that  occupied  by  the.  iivtrusivo  rocks  corre¬ 
spondingly  laigcr.  In  fact,  some  rather  largo 
areas  of  sedimentaiy  rocks  would  probably 
give  place  entlroly  to  intrusive  rock  at  even 
less  depth. 

The  main  intjusive  rock  throughout  the 
Gold  Hill  and  Clifton  district  is  gonenrlly 
uniform  in  appenranct?  and  not  markedly 
varied  in.  composition.  On  fresh  breaks  it  is  a 
rather  dark  greenish  rock  of  mctlium  texture, 
in  which  orthocln,se.,  plagioclase,  biotite,  and 
hornblende  are  readily  ro«ogiu/.ed.  Quartz  is 
present,  but  in  ihost  hand  specimens  is  not 
conspicuous.  Under  the  microscope  the  rock 
is  scon  to  have  a  t5ytical  grunitic  texture  and 
to  bo  composed  of  orthochiae,  plagioclase, 
quartz, biotite,  and  hornblende,  with  magnetite, 
apatite,  sphene,  and  zircon  as  accesson,'  min¬ 
erals.  ITio  orthoclase  appears  to  he  nearly 
as  abundant  as  the  jdagioclaae,  wliich  has  a 
composition  close  to  atidcsine.  Mineralogies lly 
ibe  roek  Ls  a  tj'pical  quartz  nionzooite.  An 
tnalysis  by  R.  C.  Wells  show.s  tho  choraieal 
composition  of  a  representative  specimen  col- 
leet^l  near  Gold  Hill.  (Soc  p.  96.) 

Locally  the  rock  differs  considejnrhly  from 
general  typo.  Adjacent  to  the  ore  bodies 
•tGold  Hill,  for  example,  it  is  distinctly  por- 
phyritic,  being  composed  of  phonofcrysts  of 
Wdspftr,  mostly  plagioclase,  biotite,  and  horn¬ 
blende  in  an  aplitic  gi-oimdinass  composed 
“*Sriy  of  quartz  and  orthoclase  wi  th  magnetite 
apatite  as  accessory  miuernls,  the  apatite 
Commonly  showing  a  very  striking  plcochi'oism 

^  dark  brown  to  deop  purple.  In  mineral 
<5Pn»position  it  differs  chiefly  in  ha^^ng  more 
and  a  little  more  orthoclase. 


niKKs. 

OccuiTtncp  and  chornettr, — ^Dikes  and  small 
!  bodies  of  (ho  quartz  moiizmiito  in  (ho  sedi¬ 
mentary  rocks  commonly  have  a  porphyritic 
texture  but  usually  tin  not  iliffer  malorially  in 
composition  from  the  main  Imdy  of  tho  rock. 

Dike  rocks  later  tlum  the  main  intrusive 
bodies  cut  both  sedimentary  and  intrusive 
rocks  in  the  vicinity  of  tho  intrusive  centem. 
Tlieso  dike  rocks  vaiy  greatly  in  character 
but  may  he  separated  into  those  more  basic 
and  those  raorosiliceou.s  than  (he  main  intrusive 
bodic.s. 

Bas-ic  — ^i\ll  the  basic  dikes  noted  in 

tho  vicinity  of  Cnifton  arul  ou  the  east  side  of 
Clifton  Mountain  that  cut  quartz  monzonitc, 
are  <lark  gi'ay  in  color,  and  arc  nither  spar- 
I  ingly  sprinkled  with  phenocrj'sts  of  quartz  and 
fcltlspar. 

A  spi'oimon  tukun  from  a  dike  about  half  a 
mile  w<'st  of  (fliftoa  is  seen  mider  tho  inicro- 
scopo  to  he  comptwod  of  qinirlz,  plagioclase, 

I  and  augito  phenocrysts  in  a  groundmass  of 
p]ngiocla.so  laths  and  augite.  'fho  feldspar, 
both  of  tho  phenocrysts  and  groundmass,  is 
near  audosino  in  coinpasition.  Tho  fohlspar 
.and  augite  of  the  groundmass  iiavo  the  ty[iicul 
intemertal  stnie.tnro  cliuractcristic  of  diabase 
dikes.  A  somewhat  similar  specimen  from  the 
cast  side  of  Clifton  Mountain  contains  some 
orthoclase,  both  as  phenocrysts  and  in  the 
groumlmass.  Dikes  at  othej-  poiirls  aro  appar¬ 
ently  somewhat  more  basic  than  those  de¬ 
scribed  but  are  too  higlily  altered  for  thoir 
original  composition  to  bo  dotorminecl. 

In  and  adjacent  to  the  gratnto  raas.s  in  the 
southern  part  of  the  range  basic  dikes  were 
obsciwcil  only  in  tho  schist  south  of  Granite 
Canyon,  where  .several  ilioritc  dikes  are  priiseut. 
Specimens  that  w'crc  examined  microscoincally 
are  composed  essentially  of  plagioclase  and 
hornblende  \rith  a  little  quartz  and  iron  ore. 
Only  small  arc8.s  of  tho  main  gi'anite  mass 
were  examined  and  it  i.s  entirely  probablo  tluit 
basic  dikes  are  present  in  it  a-s  well  as  in  the 
quartz  monzonite  in  the  northern  part  of  the 

range.  .  . 

<f'.iva.-^iliceous  dikes,  both  nphtic 

and  pcgmatitic,  are  rather  mimorous  m  the 

intrusive  rocks.  ...  . 

Xummous  coareo  pegmatitio  dikes,  composed 
essentially  of  quartz,  orthoehise,  and  musco- 
I  vite,  with  a  little  local  tonrmaliiie.,  and  numer- 
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ous  ‘‘  dikes’'  or  veins  of  eoni'se  pe"malilic<|Uiu“tz, 
are  ii.>sue.inted  wilK  tlio  largo  Il>apuii  slock  of 
granile,  especially  in  llie  vicinity  of  tuo  Queen 
of  Sheba  mine.  Tho  true  pegmatito  appears 
to  grade  inlo  tho  pogmalitic  quartz.  Similar 
tli’ses  arc  reported  well  within  tho  main  granite 
nin.s.s.  Mj-.  Jami'S  Lauton  gave  tho  writerspeci- 
inens  of  beryl  said  to  liavo  coino  from  a  quartz 
"iliko”  or  vein  in  the  main  granito  misss.  In 
tho  quartz  ninn/onito  in  tho  Gold  Hill  and 
Clifton  area  typical  pegmatites  aro  loss  abuji- 
<huit,  though  some  are  pn?sent  in  tho  area 
north  of  Clifton. 

A  pinkisli  rock  onte.ropping  in  tlie  rather  flat 
bottomed  valley  J  to  H  miles  northwest  of 
Clifton  appears  in  tho  hand  specimen  to  con¬ 
sist  largely  of  feldspar  and  under  tho  micro- 
seopo  to  ho  composed  of  rather  abundant 
phenoc.ry,sts  of  plngiocln.se  near  oligoclaso  and 
of  a  few  of  hornblotido  in  an  aplitic  groundniass 
of  quartz  and  orthoelase.  Accessory  sphouo  is 
especially  abundant.  Tho  relation.s  of  tins 
more  siliceous  rock  to  the  main  body  of  quartz 
monzonito  were  not  clear  on  account  of  poor 
exi>osure,  but  it  appears  to  be  intrusivo  into 
the  main  body.  A  very  similar  rock  at  the 
Gold  Hill  mine  was  probably  intruded  into  the 
maul  body  before  the  quartz  monzonite  was 
thorougldy  solidified  and  in  consequenco  more 
or  less  blending  occurred.  In  tho  region  north¬ 
west  of  Clifton  small  dilees  of  an  aplitic  rock 
are  composed  of  quartz,  orthoelase,  some  plagi- 
oclnso,  hornblende,  and  tourmaline,  with  abun¬ 
dant  accessory  titnnito  and  apatilel 

In  tills  samo  region  a  coarse  pcgmutitic  dike, 
composed  largely  of  crystals  of  pink  foldsjiar 
several  inches  in  greate-st  dimension  with  a 
lesser  amount  of  lenticular  quartz,  contains 
scattered  shcathliko  bodies  of  fibrous  amphi- 
bolo  that  havo  been  partly  altered  to  biotite, 
muscovite,  and  ortlioclaso.  Tho  larger  of  these 
bodies  ore  6  inches  in  diamoter  and  a  foot  or 
more  in  length.  They  readily  fall  to  piecos 
when  taken  from  tho  rock.  What  appear  to  be 
renuiants  of  the  origiunl  mineral  are  occa¬ 
sionally  seen  as  dark-gi-ocn  fibers  of  aniphibole. 

Only  a  few  hundred  feet  away  other  pegma- 
titic  (likes  contain  metaUic  minerals  in  con¬ 
siderable  amount,  (See  p.  47t>.) 

helatiok  and  ace. 

Tho  difTerciit  iutnisivo  rocks  cut  all  of  tho 
consolidated  sedimentnc)’  rocks  in  tho  range. 


Their  relation  to  tho  flow'  rock.s  was  not  poaU 
tively  determined,  but  they  appear  to  be 
earlier.  (See  p.  472.) 

No  known  evidenco  indicates  more  than  one 
period  of  important  uitrusions  in  the  district, 
though  some  later  dike  rocks  may  bo  as.sociated 
with  the  lava  flows.  It  has  not  been  sboivn 
that  the  granite  of  the  Ibaiiah  Mountain  mass 
is  of  the  same  age  as  tho  quartz  monzonite  of 
the  Gold  Hill  mid  Clifton  area,  but  it  seems 
most  natural  to  consider  it  so  in  the  absence  of 
positive  evidence.  The  Ibaiiah  mass  is  the 
deeper-seated  rock,  being  intrusive  into  Cam¬ 
brian  and  Ordovician  sediments,  whereas  the 
quartz  monzonite  Is  intrusive  into  Carhoiiif- 
orous  sediments.  Hero,  as  in  the  Little  Cot- 
tonw'ood  and  Park  City  districts,  tho  deeper- 
seated  rock  is  the  more  siliceous. 

Both  tho  aplitic  and  pegmatitic  dikes  intrude 
the  main  intrusive  masse.s  and  are,  with  little 
doubt,  differentiation  products  of  its  crystalli¬ 
zation.  Some  aplitic  dikes  appear  to  have  beca 
intruded  so  soon  after  the  solidification  of 
tho  stock  that  their  margins  blended  with  the 
moin  intrusive  mass  and  definite  walls  ore 
lacking.  Both  aplitic  and  jicgmatitic.  rocks 
include  gradations  from  siliceous  rocks  having 
essentially  tho  mineral  constituents  of  the  main 
intrusive,  but  with  more  orthoelase  and  quartz 
and  less  of  the  dark  silicate  and  plagiocia.se, 
through  rocks  compo.scd  cs.scntially  of  quartz  , 
and  orthoelase  with  minor  amounts  of  other 
constituents,  to  rocks  in  which  tourmaline  is 
important,  to  those  containing  metallic  o.xides 
and  sulphides,  and  to  the  tourmaline  quartz 
veins  that  are  so  abundant  in  the  district. 

The  relation  of  the  basic  dikes  to  the  other 
rocks  is  not  so  clear.  Many  intrusions  of 
medium  composition  were  followed  by  intru¬ 
sions  of  both  more  basic  and  more  siliceous  rocks 
that  have  resulted  from  tho  differentiation  of 
tho  magma.  The  evidence  is  conclusive  that 
the  more  sjliceons  rocks  in  this  region  have 
resulted  from  such  a  difleroutiation,  and  the 
same  is  probably  true  of  the  basic  rocks,  though 
tho  evidence  in  regard  to  these  is  by  no  means 
so  conclusive. 

structure. 

Tlio  detailed  structure  of  tho  district  is  Jt®” 
gethcr  too  complicated  to  be  determined  in  * 
brief  rcconnoissanco.  The  major  etructuf 
fpatur(?s,  however,  are  useful  in  aiding  mining 
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development,  though  of  eour.'sc  study  of  the 
de.luils  id  esdCiUinl  in  imiividiinl  developments. 

The  geueial  outlino  of  the  Deep  Creek 
Rnugc  is  probnbly  due  to  faulting  along  both 
its  cast  and  west  sides.'  'flic  deep  Overland 
Gap  across  the  range  is  cut  by  erosion  along  a 
structural  break,  whose  position  is  detorrained 
by  the  doming  of  the  sodiinenls  apparently 
resulting  from  the  iutru.siou  of  the  quartz  mon- 
zonite.  Tlie  intrusion  of  a  large  body  of  mate¬ 
riel  into  thesedimentary  series  greatly  disturbed 
ihecarlior  rocks  and  cau.sed  divergent  dijw  and 
strikes  witliiu  very  small  areas. 

That  there  boa  been  some  faulting  since  the 
intrusion  of  the  igneous  rock  and  since  the 
licpositiou  of  the  ores  is  shown  by  gouges  and 
slickensides  in  both  intrusive  rocks  and  ora 
(iepcsits,  and  tliis  later  faulting  may  be  of  large 
importance  in  mine  development.  That  there 
hrti  also  been  some  movement  along  the  con¬ 
tacts  of  the  intrusive  rock  with  the  sediments  is 
probable,  us  these  would  nntui'ally  be  planes  of 
weakness.  Itsliould  bo  kept  in  mind,  however, 
that  the  general  relations  of  the  igneous  to  ttie 
sedimentary  rocks  result  from  the  intrusion  of 
thoigne<}Us  material  and  not  from  the  complex 
faulting  of  sedimentary  roclis  deposited  on  an 
earlier  grunitic  basement. 

HISTORY  AND  PRODUCTION. 

By  V.  C.  ITkikes. 

CLIPTON  m.STUlCT. 

The  Clifton  district  is  in  Tooele  County,  43 
miles  south-southeast  of  Wendover,  on  the 
Western  Pacific  Railroad.  Gold  Hill  and 
Clifton  are  the  principal  camps  of  the  district. 
The  first  discovery  of  mineral  is  said  to  have 
been  mode  in  1858,  but  the  hostility  of  the 
Indians  retarded  development  imtil  1869,  when 
the  first  mining  operations  were  begun  and  the. 
district  was  organized  (on  Oct.  IS).  Himtley- 
reviews  the  conditions  m  November,  1880,  as 
follows: 

A  smelter  wm  huilt  in  1871  and  w;w  moved  in  1876  to 
0  nilc-s  dbtaiii  by  the  St.  Loub  Consolidated  Co. 
n^alily  150  tons  ol'  hultiou  wero  protViccd.  *  *  * 
Abotit  60  clainm,  of  over  500  located,  are  still  worked 
®W*M0DLilly.  Little  has  been  done  since  1877. 

0.  Hoonmlto:  V.  S,  Grol.  Siirvoj-  ilor.  I,  p.  lit, 

Ttmth  Cman,  V.  S.,  vol.  C),  i>.  -I.'m,  l^C,. 


Tho  smelter  built  in  1871  is  reported  by  an 
old  iwidont^  and  mine  o\nier  of  the  district 
to  have  been  a  stack  funiaee  operated  with 
three  blacksmith  bellows.  Tltreo  tons  of  lend 
bullion  represented  the  results  of  tho  first 
operations.  In  1872  Gilbertson  &  Berry’s  fur¬ 
nace  was  ])ulit  at  Clift.on  to  treat  the  ores  from 
the  Gilbertson  mino  at  Gold  Hill.  About  30 
ton.s  of ‘lead  bullion*  shipped  to  Salt  Lake 
averaged  .?93  hi  silver  per  ton.  few  years 
later  this  furnace  was  moved  to  Gold  Hill  by 
J.  \V.  Harker.  Tho  mule  ore  smelted  car¬ 
ried  about  S4  in  gold,  .30  ounces  of  silver  per 
ton,  and  25  to  30  per  cent  of  lend. 

Activity  hi  niinhig  did  not  again  assume 
^  importance  until  1892,  when  a  mill  was  put  hi 
operttion  at  Gold  Hill.  Tlicores  treated  were 
from  tho  Cano  Sprhigs,  ;V1  varado,  aiul  Gold  Hill 
claims,  which  were  credited  with  a  total  gold 
production  of  $207,986  from  September,  1892, 
to  November,  1895.  Of  this  total  probably 
half  the  ore  and  more  than  thrce-fiftlis  of  the 
gold  came  from  the  Alvarado  mine.  No  com¬ 
plete  record  of  the  amount  of  ore  handled 
exists,  but  a  partial  record  shows  9,475  tons 
of  ore  milled  from  August,  1S92,  to  May,  1894, 
assaying  $14  per  ton  and  yielding  $97,393,  or 
$10.28  per  ton.  At  the  same  rate,  the  total 
ore  worked  was  about  19,000  ton.s.®  The  gold 
produced  was  very  pure,  some  of  it  0.946  fine. 

The  Afidas  property  i.s  about  3  miles  south¬ 
east  of  Clifton.  In  1896  and  prior  to  that 
year  93  tons  of  ore  averaging  856  in  gold  and 
a  trace  m  silver  per  ton  were  treated  at  the 
Cano  Springs  mill  and  sliipped  to  the  smelter. 
In  1902  a  40-ton  cyanide  mill  was  constructed 
and  treated  622  tons  M-ith  a  reported  sa^^ng  of 
$15  per  ton  hi  gold.  In  1904  the  mill  was 
operated  again,  but  tho  results  were  unfavor¬ 
able,  and  the  property  was  practically  aban¬ 
doned. 

The  Clifton  district  again  revived  in  1909, 
when  the  Alvarado  claim  produced  some  gold 
ore  of  sliipping  grade,  and  the  Western  Utah 
Clipper  Co,  developed  the  Gold  Hill  and  Cane 
Springs  groups  end  opened  considerable  lead 
and  low-grndo  copper  ore.  However,  none 
of  the  ore  was  sliipped,  as  the  plan  was  to 
smelt  it  at  some  future  time  hi  the  dlstnct, 

»  Dunron,  to*:,  1^’“  O'r.  liil.TTie«r, 

•  r.iliton,  Bcnlham,  Roiuuicc*  ol  Uuh,  1871,  p.  Ift,  Salt  Lnko  Cll.v, 
IS73i« 

'  *'  KDswofilj,  ujipiililWicil  r.i{nln2  notfv. 
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SPRING  CRF.KK  DISTRICT. 

The  Spring  CVeok  district,  in  Juab  Cnunty, 
about  16  miles  south  of  Ilaipah,  a  settlement 
in  tho  Deep  Creek  region,  anil  105  miles  north¬ 
west  of  Oasis  on  the  Los  Angeles  &  Salt  Luke 
Kaihoad,  was  organized  Juno  4,  1891.  The 
oiJy  producing  property  in  tho  district  was  the 
Queen  of  Sheba,  wliich  has  been  worked  Lnter- 
mittcutly  and  whose  total  gold  output  probably 
does  not  exceed  $40,000. 

.JOHNSON  PEAK  OK  TTIOir  CKKEK  DISTRICT. 

The  .Johnson  Peak  or  Trout  Creek  district 
is  in  the  western  part  of  Juab  County,  20  miles  ' 
south  of  Callao,  Utah.  In  1912  some  copper J 
oro  contahiing  gold  and  silver  was  shipped  from 
it  to  tho  smelter  near  Salt  Lake. 

aOLD  HILL  AND  CLIFTON  DISTRICT.* 

ORE  DEPOSITS. 

The  oro  deposits  ililTcr  greatly  both  in 
occurrence  and  in  tho  metal  constituents  for 
wliich  they  are  valuable.  Prior  to  1917  the 
gold  deposits  had  been  the  most  productive, 
but  since  tbeu  lend,  sUver,  copper,  timgsten, 
and  bismuth  have  been  mmed.  Probably  all 
the  ores  were  not  formed  at  exactly  the  same 
time,  but  there  is  no  knowTi  evideuco  to  show 
more  than  ono  genoriJ  period  of  minerulization. 

The  deposits  ma}"  be  sepanitcd  into  replace¬ 
ment  veins  in  the  intnisivo  rock  and  replace¬ 
ment  deposits  in  tho  sedimentary  rocks. 
Some  deposits  may  extend  from  one  U-pe  of 
rock  into  the  other,  but  in  general  they  are 
distinct. 

REPL.\CKMENT  VEINS  IN  QUARTZ  MONZONITE. 

Itiplacemcnt  vouw  in  quartz  monzonite 
range  from  those  UuiL  contain  much  feldspar 
and  are  closely  allied  to  pegmatite,  if  indeed 
they  may  not  be  more  properly  called  pegma¬ 
tite,  to  quartz-tourmaliiio  veins,  to  quartz- 
carbonate  veins  m  wliich  carbonates  are 
abundant  and  tourmaline  of  minor  importance, 
and  to  quartz  and  quarlz-carbonate-sulphide 
veins.  Tho  chief  value  of  tho  depo-sits  are  in 
tungsten,  copper,  lead,  or  gold. 

>  Sinm  tIUs  ruport  wnut  to  pr«»  a  dwriiHlon  of  lb<  i..gIon  hy  J.  F. 
Rpinpimd  Cnul  BlllliapJoy  hm  I>e*n  publ»b«d  La  Eeon.  Ocolcyv  vol 
I3,pp.ai7-i74,jui>(),  uni.  ’ 


PEGUATITIC  VEENS. 

The  largest  pegmatitic  veins  noted  in  1912 
outcrop  in  a  llut-hottomed  valley  about  a  mile 
northwest  of  Clifton  on  tho  Reaiier  group  of 
claims.  The  natural  exposures  are  rather  poor. 
The  thi'ce  pi'ospecls  opened  at  the  time  of  the 
writer’s  visit  are.  probably  on  separate  veins, 
though  it  is  possible  that  two  of  them  are  on 
the  same  vein.  The  material  of  one  vein  ou 
which  a  shaft  has  been  sunk  30  to  35  feet  is 
orlhoelnse  quartz,  a  green  fibrous  amphibole, 
tourmaline,  a  little  ejiidote,  and  a  carbonate  con¬ 
taining  iron,  calcium,  and  probably  other  con- 
stituenUs.  Apatite  is  rather  plentiful.  Dnn- 
bui'itc,  wliich  is  rather  abundant  in  the  quartz- 
tournialino  vciius,  was  not  noUd  but  maybe 
present.  Magnetite  is  rather  abundant.  Other 
metallic  minerals  are  powellito  and  schcclile. 
Gold  is  said  to  occur  in  tho  deposits  and  it 
was  in  search  of  this  metal  that  tho  shaft  was 
sunk.  Stnhis  of  copper  carbonate  are  present 
but  arc  not  abundant.  The  powellite  in  tho 
vein  plainly  resulted  from  the  alteration  of 
molybdenite.  Considerable  molybdenite  ap¬ 
pears  in  jiicked  specimens  but  forms  only  a 
small  jiorcentago  of  the  whole  ore.  Tungsten 
is  present  in  scheelito  and  perhaps  in  other 
mmcruls,  though  none  was  recognized  in  the 
specimens  collected. 

At  the  time  of  visit  the  wiilth  of  tlio  dike  or 
vein  had  not  been  disclosed,  but  it  is  at  least 
several  feet.  Adjacent  to  tho  sliaft  a  body 
composed  largely  of  scheelito  18  to  24  inclicsin 
thickness  had  been  e.xposcd  for  4  or  5  feet  along 
the  strike  and  3  or  4  feet  below  the  outcrop. 
Deeper  in  tho  shaft  other  apparently  smaller 
bodies  of  scheelito  were  exposed.  The  sehcfslitc 
occura  in  largo  crystals,  some  of  which  nro  4 
iiiche-s  long.  One  block  of  nearly  pure  scheeli’* 
ore  ou  the  dump  was  estimated  to  weigh  fully 
200  pounds. 

The  bodies  of  high-grade  oro  appear  to  occur 
as  lenticular  masses  in  the  vein  and  sugg«t 
segregations  of  the  scheclite  tiu-ough  lb* 
pegmatite  mulerial  of  wliich  the  scheclite  is 
an  essential  part.  Tlic  scheclite  was  one  of 
earliest  mincruLs  to  form.  Much  of  it  is  IR 
Well-formed  crystuLs  and  little  of  it  includes  tho 
other  minerals. 

Considerable  development  work  on  this  re*n 
has  been  done  sinco  tho  writer  oxununGd  it. 
and  some  seheohto  has  been  shipped. 
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^  few  hundred  feet  from  the  opening  just 
described  a  shallow  slinft  on  a  siniiiar  or  pos- 
sibJy  on  tho  same  vein  showed  no  scheelite. 
A  short  distance  farther  north  a  shaft  about 
lOfect  deep  has  been  sunlc  on  a  pegmatite  dike 
composed  essentially  of  feldspar  quartz  and 
fibrous  amphibole,  wlu<.-h  occum  in  sheaf-like 
oiT<7iegntes  6  inehes  in  maximum  diameter  and 
a  foot  or  more  in  lengt  h.  The  ongituil  amphi¬ 
bole  h»vs  been  partly  altered  to  a  light-green 
amphibole,  chlorite,  and  biotitc,  and  some 
muscovite.  No  .sulphides  or  oxides  of  kou 
were  noted. 

The  quartz  monzouite  adjacent  to  these 
veins  has  be(m  altered  for  a  short  distance  to 
quartz  raiiseovito  and  chlorite  with  some  oxide 
of  non.  Tho  chlorite  may  have  resulted  from 
the  surface  alteration  of  some  magnesian  min¬ 
eral  formed  by  tie  hydrothermal  action  of 
the  vein-forming  solutions,  but  no  remnants 
of  such  a  miiK'nil  remained  in  the  sections 
examined. 

QUARTZ-TOTTRHALIKE  VEINS. 

Clo.scIy  allied  to  the  pegraatitic  veins  ai'e 
llie  quart z-tourmalino  veins  that  are  abundant 
in  the  quartz  mouzonite  between  Clifton  and 
Gold  Hill.  These  veins  vary  consi<lcrably  in 
composition,  but  all  contain  abundant  qiuirtz, 
tourmaline,  some  pyi-ite  and  chalcopyritc, 
carbonate,  amphibole,  and  diopside,  and  con¬ 
siderable  apatite  and  sphene.  Vesuvianitc, 
garnet,  epidote,  and  galena  occur  in  some  of 
the  veins.  Dauburitc,  a  borocalcium  silicate 
(CuBj(SiOj)j),  was  noted  in  numerous  spoci- 
tneus  and  may  prove  to  be  locally  abunrlant. 
Zircon,  lutilo  (some  of  which  results  from  the 
alteration  of  tilanite),  and  orthcK'lase  ai’o 
preaent  in  many  spoeimens.  Fluorite  was 
noted,  but  is  not  an  important  constituent. 

In  several  of  tho  veins  radiating  laths  several 
ujches  in  length  appear  to  be  the  alteration 
products  of  some  mineral,  possibly  toumialin<'. 
Glider  the  mieroscopo  they  are  seen  to  be  com- 
poaod  of  orthoelase,  microperthite,  quartz,  mus- 
^vite,  considerable  carbonate,  and  tourninJims 

small  amount.  Tho  tourraalino  occui's  as 
rather  large  crystals  vdtli  ploochroLsm  from 
dark  green  to  neaily  blm’k  and  as  very  fine 
radiating  needles  with  a  plcoehroism  from 
'"'■arly  colca  loss  to  slatc-bluc.  Tho  bluo  tour- 
®aline  is  doubtless  later  than  tha  brown  an<l 
have  formed  from  its  alteration.  The 


form  and  habit  of  tho  altered  ciystals  are 
simiiiir  to  those  of  the  tourmaline  of  the  veins, 
and  the  brown  er^t»ds  of  toiumuline  suggest 
remnants  of  the  original  mineral. 

The  principal  primary  metallic  minerals  of 
the  veins  are  magnetite,  hemat.il<',  pyrite,  chal- 
copyrite,  and  in  some  veins  galena.  Scheelite 
in  simiU  amount  was  noted  in  tho  veins  in 
several  paiis  of  the  area  and  is  apparently  a 
common  constituent.  Its  most  abundant  oc- 
emrenco  in  veins  Ls  in  the  Lucy  L.  group  of 
claims,  whore  the  vein  is  in  tho  quartz  mon- 
zonite,  but  close  to  the  liiiiestono  corituet  the 
deposit  has  some  of  the  ohaiai^tcristics  of  the 
contact  deposits.  The  associated  niiiiocals  aj'o 
carbonates,  quartz,  diopside,  a  green  amphi¬ 
bole,  brown  and  green  mica,  vo.suvianilo,  a 
mineral  resembling  ganu^t  but  showing  usually 
strong  biivfruigonco  and  in  many  specimens 
twinning,  orthocla.se,  danburit<5,  epidote,  and 
small  amounts  of  uUanito,  sphene,  and  apatite. 

The  metallic  minerals  in  adilitioii  to  the 
scheelite  arc  magnetite,  hematite,  sulpliides  of 
iron  and  copper  and  their  oxidation  product.s, 
and  molylxlenite  and  its  oxidation  prcxlucts. 
Tin  has  been  reported  from  tho  veins  but  was 
not  noted  by  tho  writer.  The  character  of  the 
veins  is  similar,  however,  to  those  in  wliieh 
tin  occuis,  and  it  would  not  be  surprising  to 
find  that  metal  in  small  amount. 

The  typical  alteration  of  the  quartz  raon- 
zoiiito  adjacent  to  tho  veins  is  to  a  rock  com¬ 
posed  essentially  of  quartz,  biotite,  and  mus¬ 
covite.  A  green  pleochroie  mica  and  chlorite 
are  commonly  abundant  but  are  probably  al¬ 
teration  products  of  the  brown  mica.  Tour¬ 
maline,  cju’bonatos,  sphono,  and  apatite  are 
common  eonatituents  of  tho  altc'red  wall  rock. 
A  fragment  of  wall  rock  from  the  Lucy  L. 
schoclito  vein  is  composed  of  diopside  and  a 
green  pleochroie  hornblende,  carbonate,  epi¬ 
dote,  and  several  crystals  of  olluuite. 

The  abundance  of  magnesian  minerals  both 
in  the  veins  and  in  the  altered  wall  rock  is 
charncteiTstic.  Another  characteristic  is  the 
presence  of  an  unusual  amount  of  titanium, 
usually  a-s  titaiiito.  Borou  minerals  are  also 
abundant.  Tourmaline  is  an  important  con¬ 
stituent  of  most  of  tho  veius,  and  danburito  is 
common.  So  far  os  tho  writer  is  aware  this  is 
tho  only  district  in  tho  State  from  which  don- 
burite  has  been  reported. 
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The  soil! Lions  forming  theso  veins  must  have 
been  rich  in  silica,  boron,  niagn^ia,  potassium, 
iron,  and  titanium,  and  must  have  earned  sul¬ 
phur,  copper,  lead,  tungsten,  and  raolylideniim. 
Sodium  was  largely  removed  and  calcium  to 
some  extent,  though  the  earbonato  and  other 
calcium  minerals  present  ui  some  of  tho  veins 
maV  account  for  a  part  of  the  linio  contained  in 
the  original  quartz  monzonite  of  the  wall  roek. 

Ores  of  thus  type  are  valuable  chiefly  for 
thi'ir  copper  and  possibly  for  their  tungsten  ■ 
eoutoiit.  iVs  a  rule  tliey  arc  too  low  grade  to 
bo  shii>pe.d  at  a  jiroflt  under  conditions  exist¬ 
ing  before  tho  advent  of  the  ruih-oad  and  con¬ 
sequently  have  had  conqiarativel}'  little  devel¬ 
opment.  Some  copiier  ore  of  fair  grade  has 
heiin  found,  but  us  a  whole  the  dovelo[)iuerit  to 
dale  is  not  very  cncournglirg.  Scheclito  was 
noted  in  several  vehus,  but  not  much  ore  of  good 
grade  in  eomincreinl  quantity  has  yet  been 
proved;  however,  tho  possibility  of  finding  this 
mincrnl  shoidd  be  kept  in  mind.  Coasiderablc 
development  has  been  done  on  the  Polo  Star, 
Clifhm  Copper  Belt,  Frankie,  Lucy  L.,  Gold 
Bonil,  and  other  groups. 

Some  veins  in  the  district  contam  no  tom--  j 
malrno  and  little,  if  any,  mngnt'sian.  silicates,  i 
but  are  otlioavise  similar  to  those  deseiibed.  | 
Tho  most  valuable  constituent  of  these  is  | 
copper. 

QUABTZ-CAaBONATE  LEAD  VBDIS. 

In  tho  quartz  monzonite  forming  the  north¬ 
ern  pai't  of  Cliftou  Mountain  east  and  north¬ 
east  of  Clifton  many  veins,  composed  essen¬ 
tially  of  quartz  and  carbonate,  carry  small 
amounts  of  galena  and  other  sulphides.  Their 
chief  value  has  been  in  lead  and  silver. 

Most  of  the  veins  outcrop  prominently  and 
can  be  Uiujeii  for  hundreds  of  feet.  The  gen¬ 
eral  strike  U  about  N.  60®  E.  and  tlio  dip  is 
steeply  east;  both,  however,  vary  cousidera- 
bly.  Mf>st  veins  show  a  banded  structure,  in 
some  indistinct  and  in  some  well  developed. 
The  relative  amounts  of  quartz  and  carbon¬ 
ates  dilTcr  greatly  in  different  veins  and  in 
diffemnt  parts  of  a  single  vein.  Some  veins 
are  composed  very  largely  of  carbonates — 
probably  iron-maguesium-caleium  carbonates 
of  Variable  composition,. 

The  Wall  rock  has  undei'gone  pronounced 
sericilizalion.  Chlorite  ami  a  green  pdeochroic 
mica  are  prceeal,  but  magnesian  minerals  ap¬ 


pear  to  be  less  abundant  than  in  the  wall  rock 
of  tl'.e  tourmaline  quartz  veins. 

Comparatively  little  prospecting  ]ia.s  been 
done  on  this  ty|)o  of  vein,  though  small  bodies 
of  ore  of  good  grade  have  been  developed  north 
of  Clifton. 

QUARTZ  AKD  QUARTZ-CARBONATE  GOLD  VEINS. 

Numerous  veins  that  carry  gold  in  amounts 
that  have  encoiir.aged  prospecting  occur  fniu; 
li  to  .3  miles  north  and  north-north.east  of 
Clifton  and  have  yielded  a  small  production. 

Through  this  section  a  body  of  quartz,  in 
many  places  several  hundred  feet  wide,  can  be 
traced  ou  the  surface  northward  for  a  mile  or 
move.  The  thickness  of  the  “vein”  Is  prob¬ 
ably  not  so  great  as  tho  width  of  the  outcrop, 
for  it  may  dip  west  at  a  low  angle,  though  the 
Gxj)osm*es  do  not  indicate  this  conclusively. 
The  quartz  body  is  composed  largely  of  fine 
crystalliuo  quartz,  cut  by  veins  of  coarser 
quartz,  some  of  wliieh  are  of  amethystine 
color.  In  some  arena  tho  rock  carries  consid¬ 
erable  carbonate  and,  it  is  said,  a  little  lead 
and  some  gold. 

Tho  veins  that  have  been  pros[)ected  for  geld 
arc  small,  not  more  than  a  few  feet  in  thick¬ 
ness,  but  many  of  them  can  bo  traced  for  con¬ 
siderable  distances  along  tlie  strike.  Those 
exommed  trend  predominantly  northwest. 

Quartz  is  the  prevailing  gnnguo  Aritli  n 
subordinate  amount  of  carbonate.  Pyrite  and 
chnlcopyrite  nro  usually  present  in  small 
amount,  and  galena  and  .sphalerite  wero  noted. 
Specular  hematite  is  abundant  in  small  flukes 
in  much  of  tho  ganguc,  giNUiig  it  a  dark  color. 
Tho  gold  is  said  to  occur  free.  Tho  .alteration 
of  the  wall  rock  does  not  differ  materially  from 
that  of  the  quartz-carbonntc  lead  veins.  A 
specimen  of  wall  rock  from  (he  Troy  vem 
showed  tyjiiral  sericitization  of  tho  feldspars 
and  alteration  of  the  magnesian  minertls  to 
chlorite.  The  chlorite  has  p(.<8sibly  formed  by 
the  surface  weathering  of  magnesian  mica. 

Some  very  rich  ore  is  said  to  have  been  pro¬ 
duced  from  a  pocket  in  the  Troy  vein.  This 
pocket,  however,  was  very  limited  in 
and  prospecting  on  the  veins  h.as  not  revea 
additional  pockets.  Other  veins  are  said  to 
;  contain  ore  of  milling  grade,  but  these  have 
i  been  extensively  opened,  nor  have  milling  tes 
1  been  made. 


DRKP  C’ltKEK  R.VSGE. 


riKPOSlTS  IN  SKHIMENTAKV  ROCKS. 

Pepo-sit.s  ill  sciUmentaiy  rocks  umy  l>e  (U- 
ndi'ci  into  contact  deposits,  or  tlio.se  forming  I 
in  tho  iuuocdiato  vicinity  of  tlio  iulrusivo  cou- 1 
tact,  lUid  rcplaceincnt  fi.ssuro  dppo.sifs,  or  those 
In  ivluch  oro  miiicnils  havo  replaced  sedimen¬ 
tary  rock  along  ns.sure.s  some  di.stante  from  the 
contact. 

CONTACT  DEPOSITS. 

Contact  depo.sits  occur  in  tlio  sedimentary 
n)ck.s  at  or  near  tho  quart/,  monzonile  contact 
Slid  contain,  ns  ganguo  minerals,  silicates  and 
other  minertils  generally  recognized  as  form¬ 
ing  only  at  relatively  high  temperatures.  In 
this  district  they  may  bo  divided  into  two  prin¬ 
cipal  classes — mimol3’,  those  that  have  theh 
chief  metal  value.s  in  copper  and  those  in  which 
gold  is  most  important. 

corPKR  UKPosn's. 

At  nmncious  points  hetween  Gold  Hill  and 
CKflon, along  tho  contact  of  tho  limestone  and 
quartz  monzoni to,  tho  limestone  ha.s  been  re¬ 
placed  by  garnet,  dlopside,  amphibole,  epidote, 
tooiinulinc,  nxinito  (noted  in  scvenil  places), 
niiignetitc,  specularitc,  sulpludc.s  of  iron  and 
copper,  and  hero  nnd  there  a  little  galena  and 
sphalerite.  Carbonate,  wliich  is  commonly 
p.Tiscnt  in  con-sideniblo  quantity,  is  probably 
ill  port  nt  least  a  reciystallizution  of  the  origi¬ 
nal  limestone,  to  which  iron  has  bceu  added. 
Tlio  iron  oxides  uro  commonly  abundant,  us  is 
ako  tourmaline.  Apatite  and  titanite  are 
present  in  small  .amount.  Tho  sulphides  of 
iron  and  copper  havo  been  luigely  altered  to 
o.xides  unci  carbonates  to  the  depth  to  wliich 
pnjspc/cting  has  extended — ^which  is  rarely 
more  than  100  feet  below  the  ontcrop. 

Many  of  these  dopo.sits  are  mineralogicnlly 
▼cry  oimilar  to  some  of  tho  veins  in  the  quartz 
izoMonito  and  not  improbably  coatuin  tung¬ 
sten  miucinls.  Prospecting  has  developed  in 
them  zoruo  copper  ore  of  fa  ir  giade,  though  not 
snfiidently  rich  foi*  shipment  before  tho  advent 

the  railroad. 

'^^deposita  occur  at  intervals  along  the  con-  I 
•*<‘t,'and  the  reason  for  their  distribution  is  not 
•’wywhere  clear.  Some  appear  to  be  associ¬ 
ated  with  fissurhig  of  both  the  quartz monzonite 
**<1  limestone.  Othci'S  have  no  apparent  rela¬ 
tion  to  structure. 
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Another  t^qio  of  contact  deposit  is  exempli- 
beil  by  laige  bodies  of  fine-grained  chert}' 
quartz  that  have  replaced  the  limestone.  This 
quartz  commonly  contains  somelimonite,  prol)- 
al)!y  rcsulting  from  tho  oxidation  of  suliihidcs, 
and  has  a  jnsperoidal  charaoter.  Large  "  reefs" 
of  this  ebanieter  may  be  scon  south  of  tho  road 
hetweon  Gold  Hill  and  Clifton,  about  I  t  miles 
from  Clifton,  A  littlo  prospecting  has  been 
done  about  the  margins  of  these  reefs  and  some 
stains  of  copjier  carbonates  were  seen,  but  no 
ore  bodies  have  been  foiiml. 

COLD  llKrO.SlTS. 

(jcnevnl  featurtg, — Contact  dcjiosils  vahiablo 
cliielU’’  for  their  gold  content  aro  present  at 
several  localities  and  have  furnished  tlio  chief 
output  of  tho  district.  Some  of  these  deposits 
oc<an’  some  distance  from  large  bodies  of  the 
intru.sivo  rock  but  contuin  ns  ganguo  minerals 
the  silicates  that  characterize  contiwt  deposits. 

Tliis  t\q)o  of  deposit,  which  has  biaui  worked 
in  at  least  four  mines,  is  slrikingl}'’  unifonn  in 
mineral  composition  and  modo  of  occurreiico 
wherever  it  has  been  developed.  It  is  a  re¬ 
placement  of  certain  beds  of  limestone  by  ‘‘con¬ 
tact"  silicates  and  sulphides.  Much  of  tho 
limostono  bed  shows  continuous  nltcnition  for 
a  considorablo  distance  along  its  strike  and 
<lip,  but  the  oro  is  confined  to  "shoots"  within 
this  mineralized  bed. 

Tho  most  characteristic  mineral  of  tho  nl  tered 
limestone  is  wollastonite,  which  forms  a  laigo 
percentage  of  all  tho  oro.  A  green,  slightly 
pleochroic  pyroxene  with  optical  properties 
near  diopsido  is  universally  present  in  small 
amount  and  is  locall}'  abundant.  Garnet  nnd 
vesuvinnito  wore  noted  in  ore  from  tho  Midas 
mine.  Tho  principal  sulphides  are  clialco^iy- 
rite  nnd  bornite  and  some  molj'bdenite. 
Spocimens  from  tiic  Midas  dump  contained 
areonopyrito,  but  this  mineral  docs  not  appear 
U>  be  an  important  ore  constituent.  Tho  sul¬ 
phide  minerals  differ  in  amount  in  tho  different 
oro  bodies  and  in  different  parts  of  the  imli- 
vidual  ore  bodies.  In  the  Alvarado  and  Alidoa 
mines  sulphides  were  not  abundant,  but  in  tho 
Cano  Springs  miuo  chalcopyrite  and  boniitc 
are  rather  plentiful.  The  sulphides  formed  in 
part  contemporaneously  with  the  gnnguc 
roinonils  and  in  part  later  in  inlerslitiul  spiu^es 
nnd  in  fissures  in  tlie  sibcatca. 
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ORE  DEPOSITS  Op  UTAH. 


The  alteration  of  chulcopyrite,  the  earliest 
sulphide,  begins  around  the  margin  of  tho 
grains  und  along  fissures  and  proceeds  iiwai'd 
till  all  the  chalcopyrito  has  changed  to  boniite. 
A  gray  mineral,  probably  chalcocite,  has  partly 
rciilaced  tho  bomito  and  in  some  iastances  tlac 
chalcopyrito.  Tho  altcr-ation  to  chalcocite  is, 
however,  usually  confined  to  thin  envelopes 
surromKliiig  tho  other  sulphides. 

Tho  gold  occum  in  largo  part  as  freo  gold  and 
probably  to  some  extent  also  in  the  sulpliidc. 
The  freo  gold,  like  some  of  tlio  sidphidcs,  occurs 
iu  part  between  the  silicate  crystals,  suggesting 
that  it  was  deposited  slightly  later.  Tlie  gold 
shows  a  distinct  tendency  to  crystal  form. 

Tho  richest  gold  ore  seen  by  the  writer 
is  somcwliat  oxidized,  and  sho^v'3  a  distinct 
tendency  to  concentrate  along  small  fissures, 
not  uiicommoidy  iu  association  vnth  copper 
sulphides.  Some  specimens,  howeviu-,  contain 
no  sulphides,  and  the  native  gold  appeam  to 
have  been  deposited  ns  an  original  constituent, 
A  largo  part  of  the  gold,  indeed,  has  probably 
been  obtained  from  ore  that  contained  very 
little  sulphide.  Tho  bullion  from  the  Alvarado 
and  Midas  mines  particularly  is  exceptionally 
fine. 

Alvarado  mine. — The  iUvnnuIo  mine,  about 
a  milo  cast  of  tho  Gold  Hill  post  offierj  and 
about  one-fourth  of  a  mile  west  of  the  Gold 
Hill  mine,  is  in  limestono  at  tho  contact 
with  quartz  monzouito.  Tho  contact  is  ir¬ 
regular,  dikes  of  the  quartz  mouzonitc  ex¬ 
tending  into  tho  limestone,  fiiul  fragments 
of  tho  limestone  being  partly  uicJoseil  in  the 
quartz  monzonitc.  The  ore,  which  is  typical 
of  the  contact  gold  deposits,  replaces  tho 
limestono  UTcgidarly  and  extends  aloiq;  tho 
contuct  for  several  hundred  foot.  In  places 
it  is  stoped  to  a  width  of  40  feet,  and  at  other 
places  it  nearly  piuche.s  out.  The  mine  has 
been  opened  to  a  depth  of  about  200  fcot. 
The  grade  of  the  ore  varies  greatly  from 
place  to  place,  and  there  is  usually  no  sharp 
distinction  between  ore  and  waste,  tho  material 
mined  as  ore  being  depoudent  on  tlio  possibility 
of  profitable  treatment.  Tho  ore  treated 
at  tho  mill  is  reported  to  have  yieldctl  gold 
to  tho  value  of  about  SI 5  per  ton,  with  S4 
to  $5  lost  hi  tailings. 

Cane  Springs  mine. — The  Cane  Springs  mine 
is  about  one-fourth  of  a  mile  west  of  tho  Gold 
Hill  post  oflice.  Tho  sedimentary  series  euii- 


'  sists  of  rather  massive  beds  of  limestone 
intcrat  rati  (led  with  coarse  siliceous  shale 
approaching  quartzite.  The  principal  ore  body 
has  formed  as  a  replacement  of  a  coaisriy 
crysti'.iline  limestone.  The  principal  mbierals 
woUastonitc  and  garnet,  and  the  minor  niinfirais 
aro  all  tjqiical  of  the  contact  gold  deptxsits, 
although  no  quartz  monzouito  or  intrusive 
rock  of  an^’-  kind  was  observed  near  tho  mine. 

Tho  ore  is  similar  to  that  of  the  .iVlvaindo 
mine  except  that  it  has  a  considerably  higher 
.sulphide  content.  The  ore  body  has  been 
fuulteil  in  several  places,  but  tho  movement 
!  was  slight  and  no  serious  trouble  was  ex¬ 
perienced  in  following  tho  ore  shoot.  The 
shoot,  where  best  developed,  is  about  150  fcot 
along  tho  strike  and  from  a  few  feet  to  20 
feet  in  width.  So  far  as  developed,  the  shoot 
decreased  both  iu  length  and  in  thickness 
with  incrcasbig  deptli. 

The  mine  has  been  developed  b}"  an  incline 
shaft  to  a  depth  of  about  160  feet. 

Midas  mine. — ^Tlio  Midas  mine  is  near  tlie 
south  end  of  Clifton, Mountnin  about  3  milis 
south  of  the  Clifton  camp.  Tho  sedimentary 
rocks  in  tho  vicinity’  arc  limestones  with 
intercalated  siliceous  beds.  These  have  been 
invaded  by  the  quartz  monzonite  which 
outcrops  iieiir  the  rauie  and  has  been  eacouu- 
tered  iu  tho  mine  workings. 

At  the  time  of  the  writer’s  visit  the  mbo 
was  closed.  ’Ihe  main  ore  body  seems  to  be 
a  replacement  of  a  4-foot  bed  of  limestone 
lyuig  between  siliceous  strata.  'This  bed  is 
not  in  immediate  contact  wnth  the  intrusive 
rock  at  the  outcrop  but  is  reported  to  be  cut 
by  it  in  the  mine  workings.  As  in  the  Alva¬ 
rado  und  Cano  Springs  mines  tho  limestone 
has  been  largely  replaced  by  woUastonitc, 
diopside,  and  garnet,  and  by  some  sulphides 
and  Bulpharscnides.  Tho  gold  occurs  free 
apparently  in  large  part  at  least  as  nn  origuud 
constituent  of  tho  ore. 

The  ore  apparently'  formed  in  shoots  in 
tho  limc-stone  for  sev'eral  hundi'ed  feet  olong 
Its  strike.  At  depth  it  is  reported  to  have 
been  faulted  off,  tho  ore  abutting  against 
"granite.”  Sueli  a  relation  suggests  that 
the  contact  is  an  uitrusive  rather  than  a  true 
fault  contact  and  that  tho  oro  has  made  out 
from  this  contnet  along  the  bed. 

The  ore  milled  from  tho  deposit  is  swd  to 
Imvo  averaged  about  §20  per  ton,  principoly 
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in  gold  witli  very  little  silver.  .Y  .50-U)a  mill 
oa”ltio  properly  wits  opernted  for  several 
veaR  butw'as  closed  in  1004  and  is  in  poor 
roiwir. 

(iold  Hill  iniru  - — Tlio  Gold  Hill  mine  is  n 
coiitiict  deposit  that  difl'ci-s  considerably  from 
those  previously  described.  The  rocks  in  the 
vicinity  of  the  muie  consist  of  limestone,  shale, 
aud  quartz  moiizonite.  The  limestone  is  an 
irregular  block,  partly  surrounded  by  quartz 
mouzouite  and  cut  by  dikes  of  the  samo  rock. 
The  limestone  lurs  been  greatly  alterecl  in 
oart  to  a  rather  coarsely  crystalline  marble 
and  iu  part  (locndly)  to  wollustonite,  diopside, 
and  other  siliontes.  Along  the  eastern  side, 
odjaccut  to  the  shide,  it  has  been  highly 
silkiked  and  consists  mainly  of  fine  cherty 
quartz  containing  veinlcts  of  courser  quartz 
and  numerous  vugs  lined  >nth  quartz  crystals. 
At  the  surface  much  of  this  material  contains 
considerable  iron  and  is  jaspcroidal.  Eiist  of 
thw  ailicLCed  zono  there  is  n  body  of  altered 
black  shale.  Tlio  quartz  monzoiiifco  outcrop.^ 
to  the  west  of  tho  limestone  and  is  present  os 
irrcgulur  bodies  in  the  limestone.  This  Is 
the  normal  quartz  monzonite  of  the  region 
hut  is  rather  more  porphyritic  than  that  of 
much  of  the  area. 

Tho  structure  is  typical  of  an  intrusive  con¬ 
tact,  tho  sedimentary  rocks  now  jjrescnt  ap¬ 
parently  rcprcsculing  reinnojits  of  the  sedi¬ 
mentary  formation  that  covered  the  entire 
btnisivo  body  at  higher  level.  Tho  silicified 
zone  between  the  slmlo  and  limestone  .suggests 
aUciatioii  along  a  strong  fissure  or  fault  that 
can  bo  followed  for  a  considerable  distance  to 
the  south. 

The  mine  conUiins  gold,  copper,  aud  lead- 
silver  ores,  'riio  gold  ores  are  similar  to  those 
of  the  Alvarado  lulno  to  tho  west,  consisting  of 
umestono  that  has  been  altered  to  w'oUastonitc 
and  diop.sidc  and  that  can'ics  free  gold  us  its 
valuable  metal  constituent.  Some  ore  of  this 
character  was  mined  and  milled  at  tho  Cane 
Springs  mill,  but  its  oinount  was  apparently 
r>:tber  small.  Tlio  copper  ore  occurs  as  a  re¬ 
placement  of  liinostono  along  fissures — that 
tkua  far  developed  being  to  tho  west  of  the. 
of  cherty  quartz. 

^iuntion  of  tho  oro  has  beeu  ver)'  complete, 
**id  it  is  impossible  to  identify  tho  original 
minerals.  Tlio  oxidation  products 
of  abundant  hydrous  iion  oxide  and 


earboiiates  and  arsenates  of  iron  and  copper. 
Most  of  tho  copper  ore  also  carries  some  lead. 
Tho  primary  ores  cvitioiitly  were  composed  of 
sulphides  and  sulpharsenides  of  Iron,  copper, 
and  load.  Ihe  copper  ores  commonly  arc 
rather  rich  in  j)reoious  metals. 

Tho  report  of  tho  supcrinteiulent  of  (ho 
Wtisteni  Utah  Cop]xir  Co.,  dated  Se|)fcmhcr  30, 
1!)09,  places  the  actual  copper  oro  in  siglit  in 
the  mine  at  102, 957  Ions  and  the  probable 
iiddilional  supply  at  25,.5()0  tons,  a  total  of 
12S,4.57  toii.s.  Tlio  report  does  not  give  the 
averago  metal  content  of  this  ore. 

Iti  1017  tho  shipments  of  oro  were  32,023 
tons,  of  which  28,7 IS  tons  was  copper  ore, 
averaging  2.93  jkt  cent  copper  and  4.33  oimcos 
silver  per  ton,  and  3,305  tons  was  lead-silver 
ore,  averaging  5.62  per  cent  lead  and  7.'.)S 
ounces  silver  per  ton.  .Vs  the  work  progressed 
there  were  indications  that  less  oro  of  coiu- 
mcrcial  grade  would  be  available  in  the  devel¬ 
oped  area  thau  was  estiinntecl  in  earlier  re¬ 
ports. 

Loud  ore  is  ])rescnt  in  dilTeront  parts  of  the 
mine.  That  treated  at  tho  Gold  Hill  smeltor 
i  in  tho  early  days  is  reported  to  have  been 
taken  out  near  the  outcrop  of  tho  ore  body. 
The  largest  lx)dy  developed  is  on  tho  300-foot 
level  aud  below  and  has  been  prospected  by  a 
winzo  45  feet  below  the  300-£oot  level.  This 
oro  is  ciust  of  tho  quuriz  body. 

Tho  lead  oro  is  of  rather  low  grade  hut  hiw 
an  excess  of  iion,  which  ranges  from  25  to 
nearly  40  per  cent.  Silica  is  usutdly  not  more 
than  15  per  cent.  Tho  lead  oro  Is  of  particular 
interest  in  that  much  of  tho  lead  is  present  as 
thohvdrous  ferric  lead  sulphato  plumbojarosite. 
Probably  a  careful  examinalioii  of  (ho  ore 
would  eiiow  (ho  presence  of  ferric  lead  sulph- 
arsenutes  also. 

Another  feature  of  interest  in  this  depo.sit 
is  (ho  abundance  of  the  pale-pecn  ferrous 
ai'senato,  scorodite,  mossivo  laxlies  of  which 
outcrop  iu  tho  gossan  of  the  Gold  Hill  deposit. 

beplacemest  vedjs  m  sedimentary  rocks. 

Deposil.s  have  formed  as  replacement. s  of 
sedimentary  rocks  along  fissures  at  a  consid¬ 
erable  distance  from  an  uitrusive  contact  in 
many  parts  of  tho  district. 

Tho  chief  production  from  tliis  type  of 
deposits  has  been  of  lead-silver  ores,  though 
there  has  been  some  iirospecting  of  gold- 
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bismuth  oms.  The  main  production  is  re- 
jiorled  to  have  come  from  the  limestone  area 
foiminf;  the  soutliern  end  of  Clilton  Moiuitaui, 
in  which  numerous  veins  have  been  opened  to  a 
slipht  extent.  The  oro  is  all  oxidized,  is 
usually  hi^^h  hi  iron,  and  is  reiiorted  to  c-ar^ 
considerable  silver.  In  several  prospects  in 
this  area  the  rather  unusual  minerals  plumbo- 
jarosito  and  beudantito  were  noted  in  con¬ 
siderable  amount,  but  whether  or  not  they 
constituted  any  Iniffe  jiart  of  the  ore  mined  was 
not  leanied. 

To  the  west  of  Gobi  Hill  post  office  is  an 
extensive  area  of  limestone  in  which  are  small 
bodies  of  intrusive  rocks.  .Numerous  veins  in 
this  area  have  bcicri  [irospectoil,  and  a  little  ore 
has  been  sbippeil.  liOad-silvcr  is  the  main 
ore  thus  far  developed. 

In  the  limestone  of  Dutch  Mountain  are 
vems  of  leiul-silver  ore.  The  Spottcil  Fawn 
is  said  to  be  the  most  promising  of  those  on 
the  east  side  of  the  mounln'm,  and  is  the  only 
one  that  was  examined  by  the  winter.  The 
ore  oceuns  as  a  replacement  of  the  limestone 
along  a  fissure.  The  surface  ore  is  oxidizeil  but 
apparently  only  to  a  dejith  of  30  feet.  The 
primary  ore  is  galena  in  a  gangue  of  coarse 
quartz.  Some  ore  is  rejiorteil  to  have  been 
shipped  from  this  deposit. 

In  the  area  of  limestone  iiortheivst  of  Clifton 
there  has  been  some  prospecting  on  veins  in 
the  limestone.  Tlie  Success  mine  is  said  to 
have  developed  some  zhic  ore.  This  section  of 
the  camp  was  not  visited  by  the  winter. 

A  rather  unusual  type  of  replacement  de¬ 
posit  in  limestoiu;  in  which  the  more  important 
metals  are  bismuth  and  gold  is  heuig  pros¬ 
pected  by  the  Wilson  Consolidated  Co.  about  1} 
miles  northwest  of  Clifton.  The  most  pros¬ 
pecting  has  been  on  a  vein  that  strikes  oast  of 
north  and  dips  w’estward.  Some  dikes  of  a 
highly  altered  intru.sivo  rock  near  the  deposit 
have  no  apparent  close  conneetion  with  the 
ore  deposits. 

The  lunestono  adjacent  to  the  fissure  has 
been  recin’sf ullizeil  to  a  rather  coni'sely  crys¬ 
talline  carbonate.  Cfonsiderahlc  quartz  is  pres¬ 
ent,  and  locally  a  white  micaceous  chlorite  is 
rather  abundaot.  The  primaiy  metallic  niin- 
eriils  are  the  suljihidcs  of  bismuth  and  copper, 
a  tungsten  mineral  containing  lead,  probably 
stolzite,  and  possibly  scheolito.  Gold  is  prob¬ 
ably  also  to  bo  included  among  the  primary  ' 


mincraLs.  'Pho  quartz  and  the  metallic  min¬ 
erals  replace  tho  coai^ely  cr^'staUino  caibonato 
of  the  vein  and  were  evidently  deposited  after 
tho  recrystallization  of  the  limestone.  The 
copper  and  bismuth  sulphides  have  r.ltered 
in  part  to  carbonates  and  oxides,  and  some 
native  bismuth  is  reported.  The  gold  observed 
occurs  as  free  gold  closely  associated  with  (he 
bismuth  sulphide.  Tungsten  was  determined 
m  but  one  specimen.  A  small  fragment  of  a 
mineral  that  gavo  a  reaction  for  tungsten  also 
showed  a  reaction  for  lead,  and  it  seems  prob¬ 
able  that  the  mineral  is  stolzite,  though  suf¬ 
ficient  raateriid  for  a  more  careful  determina¬ 
tion  was  not  secured.  A  thin  .section  from 
this  specimen  contained  small  grains  of  a 
mineral  resembling  scheelito.  It  seems  prob¬ 
able  that  both  stolzite  and  scheelito  occur  m 
small  amounts  in  tho  ore.  Selected  specimens 
of  the  vein  material  contain  a  rather  high 
percentage  of  bismuth.  Tho  vein  as  a  whole, 
however,  appeal's  to  have  only  a  low  content 
of  this  metal. 

ilai  occurrence  somew'hat  similar  to  the 
deposit  just  described  has  been  prospected  on 
the  lands  of  the  Lucy  L.  Mhiiiig  Co.  between 
CKfton  and  Gold  Hill.  Bismuth  (sulphide  and 
carbonate)  and  native  bismuth  are  present 
in  coarse  vein  quartz.  It  is  reported  that 
“ bunches”  or  "pockets”  of  ore  contain  con¬ 
siderable  gold. 

REI..ATIONS  OF  THE  SEVF.RAL  TYPES  OF 
DEPOSITS. 

The  ore  deposits  of  the  district  are  believed  to 
have  been  formed  during  one  general  period  of 
mineralization.  Tliere  is  no  evidence  of  min¬ 
eralization  previous  to  the  intrusion  of  tho 
quartz  monzonite,  and  it  probably  took  placo 
at  the  time  of  niul  following  the  intrusion  of 
that  rock. 

The  aplitic  and  pegmuiitic  dikes  in  trie  quart* 
monzonite  were,  with  little  doubt,  intruded 
shortly  after  the  tT')'stallization  of  the  maui 
body  of  intrusive  rock.  The  close  similarity  of 
some  of  tho  inotnl-bearing  pegmatitic  veins 
to  the  barren  pegmatitic  dikes  gives  ampl* 
grounds  for  the  belief  that  they  are  of  comwoo 
origin  and  that  the  productive  veins  represstd 
a  more  advanced  stage  of  differentiation, 
similar  gradation  from  the  metal-bearing 

matitc  veins  to  the  quartz-tourmaline-carbon 

ate  copper  veins,  and  from  those  to  the  quart* 
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carbonuto  loud-silver  vcius,  leads  iiatiivally  to 
ihe  belief  tliut  all  are  the  results  of  tlio  same 
general  process. 

The  contact  copper  deposits,  characterized 
bv  boron  niineraLs,  iron  oxides,  and  msigjiesinn 
silicates,  uro  so  similar  in  character  to  the 
tourmalino  quarU  veins  that  there  cun  ho  no 
rensonablo  doubt  that  the  solutions  tlmt  funnetl 
the  i"'o  had  a  c^onimon  origin/  nnd  there  can 
likewist!  be  no  doubt  that  the  contact  copper 
deposits  at  the  south  end  of  Clifton  Mounhiin, 
where  boron  minerals  were  not  noted  but 
where  other  1)^)10411  contact  minerals  such  as 
gi-mct,  diopside,  and  vesuviaiiite  are  present, 
arc  genetically  connected  with  the  inti*usive  rock 
in  the  same  general  manner  us  the  tourmaline- 
bearing  contact  deposits.  At  the  .south  end  of 
Clifton  Mountain  the  contact  C4)pper  deposits 
.show  minoralogic  gradations  to  the  lead-silver 
replacement  veins  in  many  of  which  nraenic  is 
an  imiwrtant  constituent.  In  other  parts  of 
the  district  the  relation  between  tho  contact 
(ioposits  and  the  replacement  veins  C4in  not  be 
50  definitely  tmeed  but  may  be  logicallj'  in¬ 
ferred.  The  presence  of  timgsteu  in  at  least 
one  of  these  veins  indicates  a  relation  between 
it  und  tho  other  tungstcn-boaring  veins  of  the 
district. 

The  contact  gold  deposits  are  mmcralogically 
hTiical  of  deposits  formed  in  limestone  adjacent 
to  an  iutinisivo  body,  but  they  differ  rather 
materially  from  tho  other  contact  deposits  in 
the  district.  Many  of  them  contain  consider¬ 
able  copper  blit  no  magnetite  und  specularite, 
ahnost  no  lead  and  zinc,  and  probably  no  boron. 
Molybdenum  and  arsenic,  on  the  other  ham!, 
are  present.  In  the  Gold  Mill  mine  the  wol- 
lastouite  gold  ores  are  closely  associated  with 
copper  and  lead  ores  carrying  a  rather  high 
percentage  of  arsenic,  but  the  relation  of  the 
gold  to  the  copper  and  lead  was  not  clear. 

The  relation  of  the  bismuth  gold  veins  to  the 
other  deposits  of  the  district  w'as  not  ascer¬ 
tained. 

Mitbin  n  large  area  it  is  not  to  be  e.xpccted 
that  the  ore-forming  solutions  will  emanate 
‘Oin  a  common  center,  and  it  may  be  expected 
the  Solutions  in  different  areas  will  differ 
considerably  in  tbeii’  initial  composition,  and 
w  they  progress  from  the  point  of  origin,  depos- 
•ti^  some  constituents  and  taking  up  others, 
'•odergo  a  progressivo  and  continuous 
Ordinaiily  it  is  not  easy  to  distin- 
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guush  effects  due  to  original  differences  in  solu¬ 
tion  from  effects  due  to  nccpiired  differences  or 
from  effects  duo  to  the  physical  conditions 
under  which  the  solutions  acted;  indeed,  it  is 
to  be  expected  that  nil  these  factors  wore  active 
and  must  he  considered.  Study  of  the  min- 
eralogic  relations,  liowover,  may  indicate  which 
has  been  the  most  important. 

All  deposits,  whether  in  quartz  luonzoiiito  or 
in  .sedimentary  rocks,  that  contain  abundant 
boron  minerals,  iron  o.xides,  copper  nnd  iron 
sulphides,  and  scheelite  are  confined  to  a  rather 
definite  zone  and  are  eitlior  in  or  arc  closely 
associated  with  the  intrusive  rock.  Some  of 
the  minerals  are  those  that  are  generally  recog¬ 
nized  us  chnracteiistic  of  high  tomperature  and 
pressure.  Quartz-carbonate  veins  are  pri'amit 
witlun  this  urea,  but  they  aro  not  abundant. 

In  tho  monzonite  outside  of  t’nia  area  qunrtz- 
carbonatc-lead  veins  are  abundant  and  in  the 
limestone  are  replacement  lead  veins.  These 
do  not  contain  miuerals  especially  cbaractor- 
iatic  of  high  temperatures  and  [iressuiTS. 

The  contact  gold  veins,  from  their  relation 
to  the  main  bo<ly  of  intrusive  rock  and  their 
mineral  composition,  are  bclitwcd  to  have  been 
formed  under  conditions  of  less  teraporaturc 
and  jiressurc  than  the  contact  deposits  con¬ 
taining  boron  minerals,  iron  oxides,  and  cop¬ 
per,  but  probabl)'  at  higher  temperature  and 
pressure  than  the  lead-silver  veins.  In  metal 
content  they  are.  related  to  tho  copper  deposits 
in  carrying  considerable  of  that  metal  but 
differ  in  the.  absence  of  tungsten;  wollastonitc 
nnd  diopside  aro  the  principal  gangue  minerals. 
Their  eWef  rosemblanco  to  the  load-silver  veins 
is  that  both  contain  arsenic  minerals,  and  their 
clo.se  association  in  the  Gold  Mill  mine  suggests 
that  they  were  formed  under  nearly  similai’ 
conditions. 

The  above  relations  may  be  explained  as 
follo^vs:  After  the  intrusion  and  partial  crys¬ 
tallization  of  the  quartz  monzonite  the  rocks 
of  tho  area  were  fissured  so  ns  to  pomiit  the 
passage  of  solutioas  from  deep-seated  sources. 
When  those  solutions  w’crc  at  high  tcrnperatui’e 
they  deposited  feldspar,  tourmaline,  magnetite, 
specularite,  and  kindred  minerals  and  naturally 
became  depleted  in  the  elements  forming  thewe 
minerals.  At  the  sumo  time  the  solutions  dis¬ 
solved  calcium  nnd  sodium  from  the  wniU  rock 
and  natuially  bticamc  richer  in  these  elements. 
At  greater  distances  the  temperature  and  pres- 
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suri'  \vi«rc  reduced  and  carbonates,  galena,  and 
other  minerals  wore  deposited  and  of  cotii'se 
tho  nature  of  the  solutions  whs  still  further 
(■hanged.  As  the.  whole  system  cooled  heat 
and  pressure  became  less  in  the  zone  where 
previously  nuneruls  eharaetenstic  of  high  tem¬ 
perature  and  pressure  had  been  deposited,  and 
thi.i  carbonate  quartz  veins  could  be  deposited 
in  association  with  tourmaline  quartz  veins. 
That  there  are  so  few  of  these  carbonate  quartz 
nans  lu  tlie  central  urea  seems  to  indicate  that 
the  principal  mineralization  oeeuiTcd  before 
tho  ay-stem  hud  cooled  to  any  gieat  c,\teDt,  and 
that  those  that  do  exist  record  the  dying 
phases  of  mineralization. 

If  these  conclusions  are  eoiTcet  the  action 
in  this  (Jistriet  differed  eonsiderubly  from  that 
at  Dolores,  Mexico,  where  Spurr,  Gurry,  and 
Feimer  have  show-n  that  there  was  a  progres¬ 
sive  change  in  the  original  character  of  the 
mineralizing  solutions,  and  also  differed  some¬ 
what  from  that  in  the  Ely,  Nev.,  district  where 
Spencer  finds  a  sudden  and  marked  change  in 
the  mineral  solution  near  the  close  of  the 
period  of  primary  mineralization. 

The  wi-iter  does  not  maiutabi  that  no 
e.hangi'3  in  tho  initial  cliaiaeter  of  the  ore  solu¬ 
tions  resulted  from  differentiation,  but  only 
that  the  major  changes  in  the  deposits  w-cre 
due  to  the  physical  conditions  at  different 
points  and  that  th(-  marked  changes  in  the 
composition  of  the  solutioas  were  in  part  at 
least  due  to  the  precipitation  of  certain  ele¬ 
ments  and  the.  solution  of  others  in  their  place. 

WILLOW  SPRINGS  DISTRICT. 

The  Willow  Springs  district  is  in  the  liighcr 
parts  of  the  Deep  Creek  Range,  n  few  miles 
south  of  Overland  Canyon.  The  higher  por¬ 
tions  of  the  range  were  covered  with  snow  at 
the  time  of  tho  wTiteFs  visit,  ajid  this  district 
wus  not  examined.  The  rock  foiniations  arc 
said  to  consist  of  limestones  and  quaidzites 
with  .some  slaty  shales  and  a  few  "porphrrv’' 
dikes.  The  ores  occur  as  replacement  veins  in 
the  S(5dim(‘utary  rocks.  Both  lead  and  copper 
ores  aro  present,  but  there  has  been  little  pro¬ 
duction  and  comparatively  littl(^  dovclopmimt 
in  this  district. 

dry  CANYON. 

Dry  Canyon  is  on  tho.  cast  side  of  the  Deep 
Creek  Range  south  of  the  Overland  Pass. 


Tliis  district  was  not  visited  by  the  WTitcr. 
The  mineralization  is  said  to  consist  of  replace- 
ment  veins  in  limestone  in  part  at  least  asso¬ 
ciated  with  “poi-phvry”  dikes.  The  principal 
metals  are  lead  and  silver.  A  few  small  shio- 
ments  of  ore  have  been  reported. 

GRANITE  CREEK  DISTRICT. 

The  Granite  (Venk  district  is  on  tho  eastsido 
of  t  he  Deep  Creole  Range,  about  12  miles  .south¬ 
west  of  Callao.  Granite  Ci-eek,  flowing  from 
the  higher  parts  of  tho  range,  supplies  excellent 
water,  and  the  liigher  parts  of  the  range  con¬ 
tain  considerable?  timber. 

fllio  mineralizisi  area  is  in  the  schist  ([uartz- 
ito  rocks  which  form  the  base  of  the  sedi¬ 
mentary  series  exposed  in  the  rango.  The 
schists,  for  tho  mast  part,  at  least,  bavo  re¬ 
sulted  from  the  alu-ration  of  sandstones  and 
shalc?s.  In  some  of  tlio  beds  pebbles  of  quartz 
and  a  granitic  rook  can  be  detected,  though 
they  havo  been  drawn  out  into  lentliuilur  foini 
and  metamorphosed  to  a  considerable  extent. 
Some  “bods”  of  a  gioen  hornblende  rock  tliat 
seem  to  conform  to  tho  bedding  of  the  sedi¬ 
mentary  rocks  may  bo  of  intrusive  origin. 

North  and  west  of  the  schist  area  tho  large 
Ibnpah  stock  of  coarse-grained  biotite  gianito 
has  been  intruded  into  tho  sedimentary  series. 
(Sea  p.  472.)  Dikes  of  the  granite  can  bo  traced 
directly'  from  the  main  ma.s.s  into  the  sedimen¬ 
tary  series  and  dikes  of  finer-gi  ained  rock  hav¬ 
ing  a  composition  similar  to  that  of  tho  main 
mass  are  present  in  the  schist  scries  at  some 
distance  from  the  contact.  Pegmatite  dikes 
arc  present  in  the  granite  find  also  in  tho  schist, 
and  several  dikes  of  rather  coarse-grained  rock 
of  dioritie  composition  were  noted  hi  the  sdiist. 

Veins  of  coarsely-  ciystallino  quartz  are  coDi- 
mon  in  tho  schist.  Some  veins  of  a  fine  cherty 
quartz  that  appear  to  have  formed  in  part  at 
least  by  the  replacement  of  tho  rock  adjfK«nt 
to  the  fissures  carry  small  amounts  of  pynte, 
pyrrhotito,  magnetite,  galena,  sphalerite, 
ehnlcopyrito  and  are  said  to  exmtoin  gold  tiid 
silvej'.  There  has  been  some  prospecting  of 
tho  veuis  and  a  small  production,  but,  e.\cept 
for  a  few  small  rich  pockets,  tho  oio  lias  beca  of 
low  grade,  and  the  indications  for  largo  bodiw 
even  of  such  ore  can  not  bo  said  to  be  prow- 
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JOHNSON  PKAK  OR  TROUT  CREEK  DISTRICT. 

Tho  'IVout  Crcok  district  is  located  on  the 
ea-st  side  of  the  Deep  Creek  Kongo,  about  3 
nxilcs  south  of  Grauito  Creek.  Ti-out  C'rook, 
which  comes  from  the  higher  parts  of  tho  roiige, 
furnishes  a  supply  of  c.vcoUcut  water,  and  the 
liil’her  ports  of  tho  range  contain  considerable 
timber. 

Tho  sedimoiitnry  rock  is  the  same  scliist 
quortzito  formation  as  that  nt  Granite  Creek, 
tweept  that  beds  several  hundred  feet  lower  are 
p.tpaswl  at  Trout  Creek.  These  include  several 
strata  of  impure  limestone.  No  intrusive 
rocks  wore  ob-sei-vod  in  or  noar  tho  deposits. 

Tho  schist  series  has  hi^eii  cut  by  several 
fiiiures  along  which  tlierc  has  been  alteration 
(i  the  rocks,  especially  the  limestones.  Tremo- 
litc  and  other  silicate  rairiernls  woro  noted  in 
tlipso  alteration  zones.  Lead  and  zinc  min¬ 
erals  aro  both  pro-sent  in  small  amounts  ul 
several  prospects. 

Tho  principal  development  has  been  on  the 
north  side  of  Ti’out  Ci’eck  near  the  base  of 
tho  range.  At  one  point  (ui  1912)  an  incline 
has  been  siuik  oti  n  fissure  devolopuig  a 
deposit  of  zinc.  This  was  not  examined  in 
the  underground  workings,  but  tho  vein  is  said 
to  la?  2  to  4  feet  wide  and  has  been  drifteil  on 
for  some  distance.  Tho  oro  on  tho  dump  con¬ 
sisted  of  a  dark  sphalerite  with  a  giuigue  of 
fluorite.  Some  of  tho  zuic  ore  on  tho  dump 
is  of  good  grade  but  probably  could  not  bo 
diippcd  at  a  profit  under  ordinary  conditions. 
Scheolito  is  reported  to  have  been  found  in  the 
dustrict  in  1916. 

SPRING  CREEK  DISTRICT. 

The  Spring  Ci’ock  district  is  on  tho  west  side 
of  the  Deep  Creek  Range,  about  15  mile.s  south 
of  the  settlement  of  Ibapab.  Tho  streams 
•rom  the  high  range  furnish  a  supply  of  oxr.ol- 
ont  water  and  thero  is  also  good  timber  on 
Ibis  part  of  the  range. 


GEOLOT.V. 


The  sedimeiitaiy  rocks  in  the  main  miner¬ 


alized 


area  near  tho  Qiioen  of  Shoba  mine  arc 


l^o'Jgh  hmastones  are  present  along 


'^ostom  foothills  of  the  ratige  soutli  of 


'  ocnmile  Crcok.  Tlio  quartzite  is  commonly 
^  ratner  fine-gramod  reddish-brown  rock.  Oc- 
8«iO]iQlly  there  are  beds  that  contain  small 


pebble^.  The  general  strike  of  the  beds  is 
about  with  tho  range,  a  little  east  of  north, 
With  a  dip  to  the  we.st  at  an  angle  around  30°. 
Near  the  granite  the  strike  and  dip  of  tho 
quartzite  arc  variable.  To  the  north  of  the 
quoi  tzite  is  the  Ibnpah  mass  of  granite.  This 
13  tho  coarse  gi-anite  aheudy  described.  Tlicro 
are  many  dikes  of  gi-aiiite  in  the  quartzito  near 
the  main  gi-anite  mass.  Near  the  quartzito  tho 
granite  apjjeare  to  be  rather  fine  grained  and 
slightly  more  basic. 

There  aro  numerous  dike.s  of  coarse  pegma¬ 
tite  composed  oascntinJly  of  (piartz,  feldspar, 
and  muscovite  with  occasionally  a  little  tour¬ 
maline.  In  addition  to  (ha  true  pegmatite 
dikes  there  are  numerous  dikes  or  veins  of 
coarse  pegmatitic  quartz. 

ORE  riEPO.SITS. 

The  priiieipnl  ore  deposit  thus  far  developed 
i.3  that  of  tho  Quoen  of  Sheba  niino.  Tho  oro 
body  occurs  in  quartzite  near  the  granite  con¬ 
tact.  The  quartzite  for  sonio  distance  from 
the  contact  is  apparently  underlain  at  uo 
great  distuiicn  by  the  granite.  Tho  main 
fissure  strikes  about  N.  60°  E.  and  dips  rather 
steeply  to  tho  southca.'it.  The  vein  ranges  in 
thickness  from  .a  few  feet  to  15  foot  or  even  a 
greater  thicltnoss.  'Fhe  (ksiirc  filling  is  mostly 
quartz  though  very  often  the  rpiartz  gives 
place  to  a  pegmatite  composed  essentially  of 
quartz,  orthocliuso,  nlbite,  and  inu-scovite.  At 
other  points  the  vein  filling  is  of  a  much  finer 
groined  rock  resembling  an  aplito  in  appearance 
and  composed  of  essentially  the  same  minerals 
as  the  pegmatite  with  pink  garnet  ns  a  rather 
abundant  acoessorj’  minend.  Locally  tiie  vein 
material  contains  some  biotitc.  Tlic  different 
types  of  vein  material  grade  into  each  other 
and  arc  evidently  of  a  common  oiigiii.  Tho 
ore  consists  of  u  porous  vuggy  quartz  usually 
containing  considerable  h3'drons  oxide  of  iron 
with  some  mangane.se.  A  little  galena  is  occa¬ 
sionally  present  and  pyromorphite  was  also 
noted  in  the  oro.  Stains  of  copper  enrbouato 
are  also  oaausionally  seen.  The  gold  is  free  in 
tho  o.vidizod  portion  of  the  vein,  though  it  may 
originally  have  been  contained  in  sulphides. 
Where  the  porous  quartz  changes  in  character 
to  a  more  massive  t^qic  or  when  tho  fi'ldspathic 
constituents  come  in,  the  metal  content  quickly 
decreases.  In  the  lower  workings  (in  1912) 
the  vein  passes  from  the  quartzite  into  granite 
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Htifl  essentially  iit  the  contnct  of  these  rocks 
the  chanicter  of  the  vein  filling  in  the  ore  shoot 
that  was  being  followed  changes  from  (juartz  to 
a  feldspathic  rock  and  ceases  to  be  ore. 
Whether  this  is  u  local  change  such  as  occui's 
at  higher  levels  or  whether  tho  vein  filling  in 
tlio  granite  will  be  uniformly  feldspathic  can 
be  determined  only  by  additional  development. 

It  may  be  noted  in  this  connection  that  in 
the  very  similar  deposits  in  the  Park  Valle}' 
district  (see  p.  49S)  the  ore  occurs  in  veins  in¬ 
closed  in  the  granitic  rock. 

The  outcrop  of  the  vein  is  rather  prominent 
and  it  is  reported  that  good  ore  was  present 
practically  at  the  outcrop.  Tlie  main  vein  is 
cut  by  cross  breaks  that  have  brecciiited  the 
rock  but  usually  have  resulted  in  but  slight 
displacement.  CommoiJy  there  is  some  gouge 
matter  on  these  hrealis. 

Tho  largest  ore  shoots  in  the  mine  are  asso¬ 
ciated  with  tho  cross  breaks,  suggesting  that 
these  have  influenced  the  formation  of  the 
shoots.  Tho  loose  brccciatcd  rock  along  these 
breaks  furnishes  tho  easiest  coiuse  for  the 
passage  of  solutions,  and  us  tho  breccia tion 
occurroil  after  the  formation  of  tho  veins,  tbo 
rich  shoots  may  most  naturally  be  attributed 
to  enrichment  by  descending  solutions,  'rhore 
was,  however,  no  opportunity  to  ascertain  liy  a 
study  of  primary  ore  the  changes  due  to  oxida¬ 
tion.  iloroover,  tho  reported  presence  of 
good  ore  at  tho  outcrop  indicates  that  there 
has  bocu  uo  extensive  do%vnward  leaching. 

Tho  deposit  had  boon  followed  down  tho  dip 
from  the  outcrop  for  about  500  feet  in  1912. 
It  is  reported*  that  considerable  additional 
development  has  been  done  since  thou,  and 
some  metal  produced.  Tho  total  bullion  pro¬ 
duced  is  said  to  have  averaged  about  0.650 
fine. 

'ITio  apparent  gradation  from  pegmatitic 
rock  into  quartz  veins  containing  metallic 
constituents  naturally  suggests  that  the  pri¬ 
mary  deposits  were  formed  by  tUfforonljation 
of  the  granitic  magma.  Very  similar  deposits 
that  are  believed  to  have  a  similar  origin  occur 
in  tho  Park  Valley  district  (see  p.  49S),  and 
Spun-  has  described  similar  deposits  in  the 
Silver  Peak  district,  Nov.,  which  he  ascribes 
to  similar  difforeutiatiou, 

>  UoaRaii,  .V,  Tbc  D«*p  Cnwk  goU  minlus  dbaritt;  .Min.  snd  Ene. 
World,  rol.  -U,  IX'C.  12, 1014, 

•  Spun-,  J,  E.,  OKI  da|iualt«  of  Ihfl  Silver  Peok  ijuiKlruiKlo,  Nov : 
U.  8.  Qcol.  SutV'ey  Prot  l‘»por  M,  p.  122,  UMI. 


The  ore  from  the  mine  has  been  treated  at  a 
mill  on  rifteeiunile  Creek,  to  which  it  was 
transported  over  a  gravity  tram  about  a  mile 
long. 

SILVER  ISLET  RANGE. 

By  B.  S.  Boti.kr. 

QEVTEBAL  FEATTTRES. 

The  Silver  Islet  district  is  in  tho  range  of  the 
same  name,  near  the  western  border  of  the 
Great  Salt  Lake  desort.  Tho  nearest  raih'oad 
point  is  Wendover  on,  the  Western  Pacific, 
about  15  miles  to  tho  southwest.  Timber  is 
almost  totally  lacking  on  tho  range,  and  water 
for  drinking  and  cooking  was  in  1912  hauled 
from  Wendover.  Brackish  water  is  obtained 
by  sinking  wcHs  into  the  alluvium  at  the  base 
of  the  mountain. 

Tho  district  wn.s  organized  in  1872.  Noth¬ 
ing  Is  known  of  its  early  production.  Tho 
deposit  in  tiio  Carrie  Mack  property,  said  to 
havG  been  discovered  by  a. sheep  herder  named 
McKeUer  about  1902,  shipped  some  lead  ore 
by  wagon  ,3.5  miles  to  Luciii  on  the  Southern 
Pacificliailroad.  Production  was  first  reported 
from  Silver  Islet  Range  to  the  Geological  Sur¬ 
vey  in  1908.  Sliipnients  increased  after  tko 
building  of  the  Western  Pacific  Railroad.  The 
total  output  of  tho  district  from  1908  to  1913, 
inclusive,  aggregates  760  tons  of  oro  containiug 
1809  in  gold,  110,01'l  ouace.s  of  silver,  57,.)35 
pounds  of  copper,  and  414,339  poimds  of  lend, 
valued  in  all  at  $90,219. 

The  relatively  low  range  rises  abruptly  from 
tlieflnt  alkali  desert  which  nearly  surrounds  i* 
Its  general  trend  Ls  northeast.  About  10 
m'des  northwest  of  Wendover  it  is  separated 
into  two  parks  bj'  a  low  pa.s3  whose  sunuiiit 
is  only  a  few  hundred  feet  above  the  level  of  tho 
desert. 

GEOLOGY. 

SEDIMEXTAUY  HOOKS. 

The  rocks  of  the  rouge,  so  far  as  observed, 
are  sedimentary  with  the  e.xception  of  a  few 
small  dikes.  Limestones  make  up  by  far  the 
greater  pai  t,  though  a  considerable  tliicknss 
of  conglomerate  and  quartzite  is  exposed  at  th« 
north  end  of  tho  portion  of  the  range  south  of 
the  low  pass. 

The  rocks  of  tho  southern  portion  of  the 
range  were  not  examined  except  as  they  coul 
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boscea  from  tho  road  leading  to  the  muie^,  and 
no  fossils  to  indicate  their  age  were  obtained. 

Fossils  colleoteil  at  ditTercnt  horizons  iu  the 
northprii  range  were  submitted  for 

pideontologic  examination  to  Edwin  Kirk, 
wlio  reports  as  follows: 

Ko.  173.  East  •*''<>0  Silver  I.xloi.  Second  cunyoo 
nerth  of  Morrison  camp: 

DalmnncIIii  po;^mipon«is  H  ill  und  WTiiifleld. 

Olitjralioiiitcs?  near  ('.  ionensis  Walcott, 

Stmparolliis?  sp. 

Macliireft?  annulaU  WulcoU 

Eccyliopttsnis  michlcraiin.'i?  Hall. 

BatbjTirjw  »p. 

Loperditia  bivia  Wiitc. 

No.  171.  E.wl  nido  of  Silver  l.sict  Third  caii.von  north 
cf  Morrison  ramp; 

Dalmanellft  of.  D.  pervetn  Hall. 

Bucunolb  n.  sp.  similar  to  B.  naua  Mock. 

Eccylioptenis  sp. 

Lophespira  n.  .‘<p. 

Ilomoloma  sp. 

Coleopriou  sp. 

OjTtodontr’.  n.  sp. 

Sovcnvl  undcscribed  species  of  Oslracoda,  of  the 
gencni  Leperditia,  Leperdilella,  and  Aparehitoa. 
The  loW  listed  above  tall  witliin  the  upper  part  of  the 
P'lptolp  limciitoni?.  They  may  bo  correlated  with  the 
lower  part  of  tho  Simpson  formation  of  Oklahoma,  which 
ii  biJd  to  bo  basal  Ordo\'iciim  by  Ulrich.  This  fteneml 
faunal  aggrpipite  is  widely  di-stributed  throughout  the 
West  .ind  niaiiitains  a  fairly  uniform  character. 

It  Is  crideut  that  the  rocks  of  the  northern 
part  of  the  range  are  of  Ordovician  age  with 
possibly  older  rocks  to  the  north  of  tho  point 
where  they  were  examined. 

la  the  atlas  accompanying  the  report  of  the 
Fortieth  Parallel  Survey  the  range  is  given  as 
Carboniferous.  No  staUtment  was  found  in 
tho  text  of  that  report  to  indicate  on  what 
evidence  this  determination  was  based,  but 
it  appears  probable  that  tho  rocks  of  the 
southern  and  more  accessible  portion  of  the 
range  wore  determined  by  the  geologists  of 
that  survey  to  be  Carboniferous  and  that  tho 
more  remote  portion,  not  visited  by  them,  Avas 
inferred  to  bo  Carboniferous  also. 

IGNEOUS  ROCKS. 

Tho  observed  igneous  rool«  are  confined  to 
a  few  dikes.  One  near  the  Morrison  group  is 
*  dark  medium-grained  rock  in  which  biotite 
cryst)ils  are  conspicuous.  In  the  hand  speci- 
®ca  tho  rock  is  suggestive  of  the  lamprophyric 
Under  tho  microscope  it  is  seen  to  bo 
^mnposed  essentially  of  plagioclase,  orthoclase. 


lotitc,  hornblende,  and  soma  qutulz,  with 
magnetite  and  apatite  as  accessory  minerals. 

he  rock  has  imdorgona  considerable  altera¬ 
tion,  calcitc,  chlorite,  and  opidolo  being  rather 
abundiuit  secondary  minerals.  Plogiocloso  is 
considerably  more  .-ibund.ant  than  orthoehuse, 
and  hoinhlondo  and  biotite  arc  appro.simately 
equal.  In  mineral  composition,  therefore,  the 
rock  i.s  intermediate  between  kcrsantilc  ivnd 
eamptouito.  .\nother  dike,  o.xposed  near  a 
prospect  on  the  west  side  of  tlic  range,  is  ap- 
parontl}"  similar  in  mineral  components  hut 
contains  a  much  larger  perez^ntage  of  the 
feldspar  and  a  correspondingly  smaller  per- 
contugo  of  the  feiTomagnosion  minerals.  Tliese 
last  iwe  too  higldy  altere<I  for  their  original 
form  to  he  definitely  determined,  but  both 
biotite  aud  hornblende  w'evo  present  in  the 
original  rock,  Tho  rock  is  dioritic  in  compo¬ 
sition  and  may  bo  classed  as  cliorito  porplijry. 

STRUCTirRE. 

Tho  sedimentaiy  beds  of  tho  range  strike 
obout  northtiast  lind  dip  northwest  and  are 
cut  by  numerous  faults.  At  the  south  end  of 
tho  portion  of  tho  range  north  of  the  pass  a 
strong  northcast-tronding  fault  that  cuts  tho 
limestone  is  moi’kcd  by  a  zone  of  highly 
brccciated  rook  20  feet  or  more  in  width.  In 
phmos  tho  slickensided  and  polished  walls  of 
tho  fault  stand  up  os  a  prominent  cUff.  Tlie 
displacement  was  not  determined  hut  is 
apparently  considerable;  for  east  of  tho  fault 
tho  sedimentary  beds  are  much  flatter  than 
to  tho  west  and  in  some  phices  a  gentle  easterly 
dip  replaces  tho  provaiUngly  westerly  one. 

Tho  limestone  is  also  cut  by  a  series  of  fis- 
suros  striking  nearly  north  aud  dipping  steeply 
west.  Tho  fissures  are  o^ist  of  the  fault  and 
appear  to  bo  cut  off  by  it;  at  least  they  have  not 
boon  noted  west  of  the  fault.  Tho  fissures  aro 
also  cut  by  faults  wth  small  displacement, 
one  of  which,  revealed  in  the  development  of  an 
ore  body  on  tho  Morrison  group,  has  a  throw 
of  approximaUdy  20  feet. 

OBE  DEPOSITS. 

Li  tho  deposits  iu  tho  Morrison  group  the 
ore  bodies  occur  as  lenticular  bodies  in  tho 
fissures,  "pinching”  and  "swelling”  along 
both  the  strike  and  the  dip.  Bodies  of  ore 
extending  out  from  the  fissure  along  certain 
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beds  of  limestone  that  arc  so  cliaractcristie 
In  most  of  the  deposits  in  limestone  are  not 
|)reseiit  in  this  deposit.  'Jlic  wdth  ol  the  vein 
dilTcrs  greatly  froiii  ]ilae;e  to  place,  widening 
from  a  mere  stringer  to  several  feet  aiul  again 
"])inrlung”  to  a  stringer. 

Tile  original  filling  o."  t!ie  fissures  apparently 
consisted  mainly  of  quartz  with  sidphidos  of 
lead,  copper,  and  iron,  and  some  luitimony 
mineral,  po.ssibly  jamesonito.  Silver  Is  an 
important  constituent.  The  sulphides  to  the 
present  depth  of  development  have  boon 
largely  oxidized  to  earbonate.s  of  load  and  cop¬ 
per  li^nlrous  oxide  of  iron  together  with  rather 
abundant  buidlicimito. 

Tlio  principal  value  of  tlie  ore  is  in  its  lead 
and  silver,  though  some  of  it  canies  several 
per  cent  of  copper.  'Flic  ore  thu-s  far  extracted 
is  of  high  grade,  carload  lots  averaging  as  higli 
as  8120  per  ton. 

Other  devolopmonts  on  the  eiust  side  of  the 
range  have  yiehleil  comparatively  little  ore. 
They  wore  not  active  at  tho  time  of  visit  and 
could  not  bo  examined. 

On  the  west  side  of  tho  range  a  iloposit 
that  has  been  considerably  developed  oceupios  a 
fissure  striking  a  Imost  north  and  standing  nearly 
vertical.  Not  fur  from  tho  prospect  a  nearly 
vertical  dike  of  diorito  porphyry  several  feet 
tliick,  that  apparently  cuts  tho  ore  vein,  can 
ho  trailed  northwest  for  several  hundred  fcot. 
Tlio  limestone  is  recrystallizcd  in  the  vicin¬ 
ity  of  tho  dike,  and  for  10  to  12  feet  from 
it  has  been  rather  highly  silicified  and  col¬ 
ored  red  by  iron.  Under  tho  microscope 
tho  silicified  rock  is  seen  to  be  composed  of 
quartz,  caleite,  luid  abundimt  foils  of  mus¬ 
covite.  The  original  vein  filling  in  this  fissm-c, 
as  in  those  on  the  oast  side  of  the  range,  is 
quartz  and  the  metallic  sulphides.  The  prop¬ 
erty  Was  idle  at  the  time  of  visit  and  tho  work¬ 
ings  w’ero  not  examined,  hut  so  hu*  ns  could 
he  judged  from  an  examination  of  tho  dump 
oxidation  has  been  rather  complete  to  the 
depth  of  pre.sent  development. 

Tho  genesis  of  tho  doposits  of  tho  district 
is  not  strongly  indicated  from  tho  c\ddence 
collected.  Many  of  them  iwe  associated  witli 
<liki.a,  but  the  dikes  arc  apparontl}'  of  later 
4igo  and  indicate  no  close  genetic  relation. 

'riiero  appeai-s  to  be  no  reason,  Itowcver, 
for  con-sldering  tho  origin  of  these  deposits  t() 
he  di'lTerent  from  that  of  similar  deposits  tliat 
are  definitely  related  to  bodiei-Nif  intrusive  rock. 


LAKESIIIE  DISTRICT. 

TSy  V  fl.  ITkikks. 

The  Lakesiile  district  is  in  Tooele  County 
in  a  low  range  skirting  the  Gtx^ut  Salt  Lake! 
Dell  is  till?,  railroad  point  on  the  Western 
Paeifie  Railroad,  The  district  was  organized 
March  2,1,  1S71,  and  wiis  the  seenc  of  some 
mining  excitement'  from  I.S71  to  F.S7'1,  siiuc 
which  time  little  has  been  done.  A  nurcber 
of  claims,  about  2  miles  from  the  lake  and 
500  feet  above  it,  are  said  to  have  shipped— 
but  not  profitably — a  large  quantity  of  lead 
ore  containing  silver  in  early  days. 

NEWFOUNDL.4ND  Dl.STRlCT. 

By  V.  rtsiKEs. 

The  Newfoundland  district.,  in  Box  Kldcr 
County,  is  in  a  small  monntain  range  in  a 
marshy  desert  6  miles  south  of  Ncw-foiindloud 
station  on  the  Southern  Pacific.  RaUrond.  It 
was  organized  in  IS72.  Huntley  says*  that 
many  locations  had  been  made  but  few  claims 
patented  prior  to  1880;  that  the  formations 
comprise  both  sedimeaitory  rocks  and  some 
porphyry,  and  that  the  veins  are  naiTow  (IS 
inches)  and  contain  milling  ore.  No  produc¬ 
tion  h.aa  been  reported 

Pn.OT  R.\NGE. 

By  B.  S.  Butler.  • 

TOPOGRAPHY. 

The  Pilot  Range  (Ombe  Range)  trends  a 
few  degrees  east  of  north  and  is  about  30  miliB 
in  length  and  4  to  5  miles  in  width.  Its 
highest  point  is  Pilot  Peak,  which  reaches  im 
elevation  of  approximately  10,000  feet.  Its 
northern  portion,  wliich  is  2,000  to  3,OCO  feet 
lower,  slopes  steeply  eastward  to  the  Great 
Salt  Lake  Desert  and  with  relative  genlloncfs 
westward  to  tho  Tecoma  V'lillcy. 

LUCIK  DISTRICT. 
uoc.vTioy. 

Tlio  Luciu  district  is  in  the  Pilot  Range,  on 
the  boundary  of  Utah  and  Nevada,  a  few  miles 
south  of  the  Union  Pacific  Railroad.  11>» 
neart'st  station  on  the  main  lino  is  Tcconia, 
Nev,,  which  is  7  to  10  miles  from  the  mines 
by  wagon  road;  but  shipments  are  made  irom 

I  riiinllCT,  D.  11.,  Pnrtoai  incIab:TiniUi  Cemu*  V.  S.,  TOt. 
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(licbiise  of  tho  niuge,  to  which  a  sjjur  from  the 
main  line  luis  been  (lonstructed,  Tiie  ores  of 
the  Copppi'  Moinitain  nilue  nro  transported 
from  the  mine  to  the  terminal  of  tliis  spur  by 
an  aeriiil  (rum. 

niSTOllY  AND  PROUUCTIOK, 

By  V.  C.  Ueikks. 

The  deposits  of  the  Lncin  district  were 
discovered  in  the.  summer  of  IS68,  and  the 
district  was  organized  September  2,  1872. 
The  mines  nre  in  the  Lncin  llunge  of  mouii- 
tuins,  on  the  dividing  line  between  Utah  and 
Xevtida,  but  are  all  on  tho  Utah  side,  in  Box 
Elder  County. 

A  smelting  furnace  was  ereeted  in  1871  at 
Bad  City,  at  the  edge  of  the  foothilLs  among 
which  are  the  mines.  Coi)pcr '  was  first 
discovered  in  native  form,  the  red  and  black 
oxides  and  green  and  blue  carbonates.  Sub¬ 
sequently,  galena  was  found  m  considerable 
quantity.  Acnording  to  Huntley  =  all  the 
early  production  was  prior  to  1876,  Hesavs: 

The  English  Tecoinu  company,  or  tho  Tecoma  Mining 
Co.  oi  Utah  (Ltd.),  ovrus  several  clauiu,  two  of  which,  the 
Glad-slone  and  f-hc  Shanly,  were  patented.  *  *  *  This 
TToatbo  sanjo  coinpuny  that  tiuught  the  Flagsfaft  nad  the 
La*’.  Chanct  (ia  Salt  Lake  Comity).  About  1,000  tons  of 
Itw-fpade  ore  (30  per  cent  lead  and  from  10  to  23  ounces 
silver)  WM  extracted,  which  was  shipped  to  the  com- 
pnay’s  finmace  at  Truckee,  Cal.,  about  300  miles  dishint. 
The  total  enttinga  aggregated  possibly  1,500  feet. 


Tho  Aiuencan  Teroma  company,  or  tho  Tecoma  Mining 
Co  own.^1  oght  patente-J  claini.s,  A  furnace  was  erected 
in  1.371;  mid  while  the  mines  were  looking  well  tho  prop- 
I  ^^‘*"■'•=‘'‘'1  &  A.spinwil!,  of  New  York,  in 

The  latter  onmers  extracted  .sever.il  thon-sand  tou.i 
of  ore  (averaging  about  3.5  ounces  silver  and  4.5  per  cent 
lead)  (rum  two  weiklcfincd  surfaco  hoilica  and  shut 
down  m  1S7.5  or  1576.  Tlio  claims  have  been  idle  since 
In  the  lower  parts  of  lie  ore  hoilie*  much  wulfcnite  was 

lOlicJ. 

Tn  1874  about  forty  ton*  of  honi-silver  ore  were  col¬ 
lected  on  the  Black  Wtirrior  ckini  from  surface  deposils 
by  gophor-holc  work,  which  were  said  to  have  x-ielded 
$10,000. 

Between  1886  and  1S94  the  copper  propcrlii's 
Were  vigorously  worked  and  subsequently  sold 
to  the  Salt  Luke.  Copper  Co.,  which  erected,  in 
189.)  and  1894,  very  exloiisivo  cletitrolytic 
works  in  the  norlhern  part  of  Sait  Lake  City. 
This  plant  shipped  in  October,  1891,  two  car¬ 
loads  (61,832  pounds)  of  ingot  copper,  suid  to 
have  been  the  first  line  copper  sbippeil  out  of 
Utah,  Some  of  the  ores  treated  were  from  the 
old  Copperopolis  mine  (in  the  Tintie  district), 
which  was  purchased  by  the  company  in  ISO'! 
and  thereafter  knowu  as  (he  Ajax  Miniug  Co. 
By  the  end  of  1S94  (ho  electrolytic  plant  and 
property  were  in  the  hands  of  a  receiver  and 
coasidered  a  complete  failure. 

Statistics  prior  to  1876  are  not  available,  but 
estimates  baaed  on  the  reports  of  Huntley  * 
aud  hfiirphy  ^  and  information  from  former 
ovTiers  of  the  property  in  tho  district  me  tab¬ 
ulated  as  follows; 


Mildh-  protftuid  in  f/Urin  diftrln,  lS70-IfH7. 


Perioil. 

Ore 

(dhort 

tons). 

Gold. 

Silver. 

Copper. 

Load. 

Zinr. 

Total 

value. 

Pine 

ounces. 

lOunces. 

Value. 

rounds. 

Vtluc. 

Pounds. 

Value. 

Pounds. 

\’nlue. 

1870-190,5.. 
1»«-1013., 
■9B-1017 , . 

29,864 

99,748 

22,883 

27.29 

77.14 

1,695 

176,000 
21,t«<; 
27.  250 

.$320, 282 
12,387 
20,815 

1,673,200 
12,027,418 
2,874, 703 

r237,.S37i 
1, 767,  :M6 
697,077 

3, 720, 000 
177, 481 
851,641 

$219,720 
7, 073 
67,063 

3-1,  CW 

83,537 

$077,  .8,37 
1, 7S8.  209 
790,087 

1.52, 49.5 

104.  n 

2,  l,58’32o.  136 

253,481 

10,  .577, 321 

2, 702y  2^> 

1,749,122 

294, 758 

34,68()j  3,537 

3, 256, 193 

OEOI.OGY. 

The  roclcs  of  the  Pilot  Range  consist  of  sedi- 

*''*^'J**T  •‘BiJ  igneous  formations,  the  latter 

®««i6ting  of  both  intrusive  and  extrusive 
locks. 

^  Mlntnl  tr«Miiv«u  t><  Hio  Trrrltory  of  U’ l»h,  Soil  Lokc 

•II®lfcM,.B.,„p.„i,  p 


SEDIMENTAaV  ROCKS. 

Li  the  southor.i  part  of  (he  PUot  Range, 
according  to  Hague,*  quartzite  is  tho  pre¬ 
vailing  rock,  Pilot  Peak  being  composed  en¬ 
tirely  of  this  rock  and  a  total  of  6,000  to  7,000 

»0p.  cii.,  pi>.  a-tt 

•  njuews  Amohi,  iui.1  Knimotu,  S.  newnptivo  ,icolot:y:  U.  a 
Oeol,  EijS.  WOi  I^  Pinal  Ue.H.,  vol  7.  p.  W',  1877. 
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foct  being  exposed.  The  extreme  south  end 
of  the  range  is  eomposed  of  limestone.  Jsorth 
of  Patterson  Pass  limestone  occupies  tho  enstem 
portion  of  the  rniigo  for  several  miles,  and  stih 
fnrtber  north  in  tho  principal  minernlizcd  area  it 
is  the  predominant  sedimentary  rock.  Quartz¬ 
ite  interbedded  with  shale  and  limy  shale 
is  present  on  the  ea.st  side  of  the  range  for 
several  miles  north  of  Patterson  Pass. 

In  the  vicinity  of  tho  mines  several  thousand 
feet  of  heiivj'-bedded  liint'stono  is  apparently 
overla'm  by  fully  as  gi'oat  u  thickness  of  a  sili¬ 
ceous  series  of  quarl.zito,  conglomerates,  and 
sholo  with  interbedded  limy  shale.  This  sili¬ 
ceous  series  is  also  present  south  of  the  main 
minemlized  urea. 

Hague  '  states  that  near  the  northern  end  of 
tho  range  and  at  the  eastern  base  Tertior)'  bods 
outcrop  that  “consist  maiidy  of  wliito,  thinly 
bedded  calcareous  and  siliwoiKS  shales,  remark¬ 
ably  fissUo  and  frequently  bituminous,”  From 
their  eharack'r  they  are  thought  to  bo  equiva¬ 
lent  to  tho  Green  RiveT  Eoconc,  though  fossils 
were  not  fmmd  hi  them.  Thoj'-  have  been 
deformed,  but  what  are  believed  to  bo  late 
Teitiaiy  bods  at  tlio  north  end  of  the  range  lie 
nearly  homontal.  These  beds,  according  to 
Hague,  consist  of  “fine  siliceous  rhyolitic 
material  interstratiliod  with  occasional  fine 
sands.” 

Hague  ha.s  provisionally  correlated  the  quartz¬ 
ite  with  tho  Weber  quartzite  of  tho  Wasatch 
Range.  Ho  states,  however,  that  somo  of 
tho  quartzite  has  undorgone  considerable  meta- 
morphism  pjid  may  bo  older  than  tho  Weber 
quartzite. 

Tlio  limestones  at  tho  south  end  of  the  range 
are  refem'd  by  Hague  to  tho  “Upper  Cool 
Measiu'cs.”  'I'hcy  yielded  Prcductus  punciatm 
and  Spirifer  camiraiue. 

The  entii'o  sedimontar)'-  series  at  tho  north 
end  of  the  range  is  of  Cai’boniferous  ago,  con¬ 
sisting  of  Peunsyivoiiian  and  probably  upper 
Mississippian. 

Fossils  wore  collected  from  several  horizons 
south  of  tho  main  east-west  fault.  From  about 
the  central  portion  of  the  limestone  as  exposed 
G.  H.Girty  determined  Zaphnnti^  muUilameUaf, 
Spirifer  a^alaius?,  Eumdria?  sp.,  and  BeUeiv- 
plion  off.  B.  percarinatus.  :Mr.  Ghty  says  that 
ho  is  uncertain  of  the  position  of  this  famia  in 


tho  section.  A  somewhat  similar  fauna  in 
tho  Oriuin-h  Range  apixuirs  to  be  at  tho  base  of 
the  Pennsylvanian  or  at  tho  top  of  the 
sLssippian. 

Several  huiubod  foct  above  tho  base  of  the 
shale-«iunrtzite  series,  a  collection  winch  Mi*. 
Gii’ty  regards  as  upper  Mississippian  yielded 
Lingulidisclna  nembt-rryi  var.  marshajlt-nsU? 
and  Meniinla  sp.  A  fossil  from  still  lughcr 
in  the  series  was  determined  by  Mi-.  Ghty  to  bo 
Fumlina  aff.  F,  cyVtndnca  and  of  Pennsylvanian 
age. 

Near  the  eastern  base  of  the  r.ango,  fossils 
were  collected  that  were  identified  by  Mr. 
Girty  as  crinoidal  fragments,  Jfariinia  sp., 
and  Spirifer  aff.  S.  cameralus  and  are  regarded 
by  him  as  upper  Mississippian.  It  seems 
probable  that  there  is  a  strong  fault  in  this 
part  of  the  range,  though  nouo  was  recog¬ 
nized  in  the  hasty  t  ravei-so  made. 

The  only  collection  from  north  of  the  main 
east-west  fault  v/os  mado  near  tho  baso  of  tho 
liracstono  cliff  about  due  cast  of  tho  terminal 
of  the  ore  tnun.  Fusulma  cylindnca,  Rhom- 
hopora  Icpidodendmides?,  and  BeUeraphm  sp. 
were  determined  and  uro  considered  by  ilr. 
Girty  to  be  of  Ponusylvanian  ago.  In  tho 
field  this  horizon  was  thought  to  bo  approxi- 
mat-ely  equivalent  to  that  from  wliicli  fossils 
were  coUocted  in  tho  limestone  south  of  tho 
fault,  but  the  fossil  evidence  indicates  that  it 
is  considerably  liighor. 

lONEOUS  ROOKS. 

INTaUSIVE  BOCKS. 

According  to  Hague,  tho  largest  body  of  iu- 
trusive  rock  in  the  range  is  exposed  in  Patterson 
Pass.  It  has  a  wdth  from  north  to  south  of 
about  2  miles  and  extends  entirely  across  the 
range.  North  of  Patterson  Pass  less  exten¬ 
sive  bodies  of  tho  granite  outcrop  on  both  the 
east  and  west  sides  of  the  range — for  instance, 
on  the  east  side,  on  tho  Copper  Mountain  prop¬ 
erty,  southeast  of  the  lower  tunnel,  which  is 
driven  in  granito  for  a  part  of  its  length;  and 
on  the  west  side  in  numerous  places  along  the 
foothills.  . 

Hague  *  gives  the  following  description  oi 
the  granite  at  Patterson  Pass: 

This  granito  is  a  ni«iium-gmin(?d  rock,  eomewaat  b* 
able  in  texture  and  of  .a  reddish-gray  color,  denied  fro® 
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ju  gjinixluro  of  both  rod  and  white  feldspars.  The  mio- 
«ml  toDslituenls  are  chiefly  quariz  in  ain.nll  Iranslucenl 
ar^ins,  associalod  with  both  microclino  End  tnclliiic 
(eldfoara.  Mica  in  thin  brown  flako^,  Irequunily  Edhering 
(0  the  broader  faces  of  the  feldspar,  la  present  but  In  sub¬ 
ordinate  amounfe.  Tlio  white  feldspars  are  frequently  an 
inch  in  length,  forniinj;  a  .strong  contrast  to  the  aznaller 
but  more  abundaut  red  eryaUls, 

Similar  gianilic  rock  is  c.xposed  in  the  north 
end  of  itc  rnnRO.  The  orthoclaso  is  approxi¬ 
mately  equal  in  iimount  to  the  plagiocl.'i.so, 
which  has  a  composition  varying  little  from 
ajjdesdjic.  The  dark  silicates  are  commonly 
largely  altered  to  a  chloritic  material  that  has 
apparently  been  derived  principally  from  bio- 
tito,  though  perhaps  to  some  extent  from  horn¬ 
blende.  Quartz  is  rather  abundant,  in  places 
probably  umonnting  to  20  per  cent.  The  rock 
is  locally  called  granite,  but  quartz  monzonite 
is  a  more  exact  name. 

On  the  en.st  side  of  the  range  the  intrusive 
rock  is  cut  by  dikas  that  differ  from  the  main 
body  of  the  quartz  monzonite  in  containing  n 
much  larger  amount  of  dark  mineral  (horn¬ 
blende,  in  the  sections  examined)  and  more 
plagioclase,  which  is  ulso  of  more  basic  com¬ 
position.  Quartz  is  present  but  not  in  largo 
amount.  The  more  basic  of  these  dikes  have 
essentially  the  composition  of  quartz  dioritc, 
and  seventl  of  them  have  distinctly  lenticular 
forms  that  strongly  suggest  basic  segregations. 

The  sedimenlQjy  rocks  are  cut  by  more  sili¬ 
ceous  and  more  basic  dikes.  Typical  diabase 
dikes,  composed  e^isentially  of  plagioclase  and 
pyroxene  with  minor  amounts  of  magnetite 
and  apatite,  arc  present  in  the  workings  of  the 
Copper  Momitain  mine  and  in  the  granite 
north  of  Tccoma  Hill  and  probably  at  other 
points.  Siliceous  dikes  were  noted  in  the 
limestone  of  Tecoma  Hill  and  are  doubtless 
present  at  other  localities.  The  rook  is  light 
gray  to  nearly  white  and  usually  is  porphyritic. 
The  phenocrysts  are  orthoclase  and  quartz 
aclosed  in  a  fine  groundmassof  orthoclaso  and 
quart*,  of  which  the  orthoclaso  is  consideiably 
the  more  abundant  in  the  specimens  examined, 
^rk  silicates  arc  almost  entirely  absent, 
^ugh  small  areas  of  quartz  carbonate  and  a 
httl®  chlorite  and  muscovite  jjossibly  represent 
•Itered  biotite.  On  wea  thering,  the  pheno- 
of  orthoclase  are  readily  removed,  giv- 
the  e.xposed  surface  of  the  rock  a  chanic- 
teristic  pitted  appearance.  On  the  north  side 

Tecoma  Hill  numerous  aplitic  dikes  in  the 


hmo.stone  near  the  granite  contact  are  com¬ 
posed  of  an  inteqirowth  of  quortz  and  ortho- 
cluso  and  are  usually  of  medium  grain.  Many 
of  the  fi.s.sures  containing  aplitic  dikes  also  con¬ 
tain  a  vein  of  coarse  quartz  with  sulphides. 

KXTtUISIVE  noCKS. 

The  extrusive  rocks  are  confined  mainly  to 
the  north  end  of  the  range.  According  to 
Hogue  both  rhyolite  and  basalt  flows  occur, 
the  rhyolite  being  the  earlier.  The  rhyolites 
are  glassy  rocks  containing  phcnociysls  of 
quartz  and  sanUiinc,  and  the  basalts  are  liolo- 
crystulline  porphyritic  rocks  with  rather  abtu»- 
dnnt  feldspar  phenocrysts. 

Hague  ‘  gives  the  following  anulyscs  of  the 
ha.snlts; 

Aitalijsu  nf  basalt  from  Pilot  Ra7ije. 


la.  W.  Woodwnri,  iiniilyM.l 


1 

" 

2 

Silica . 

54.80 
17.  M 
.97 
8.  .8  4 
Trace. 
8.22 

4  17 
3.14 
1.10 
.94 

.54.  79 
17. 69 
.94 
8.85 
Troca. 
8.13 
4.64 
2.97 
1.  IG 
.98 

Aliimica . 

Ferric  oxido . 

Ferroiw  oxide . . . 

Xixni^Douri  oxide . 

Lime . 

Xla^efix . 

Soda . 

Water  and  carbonic  acid . ’. . 

Hague  states  that  there  is  a  smoU  outflow  of 
gray  rhyolite  along  the  east  base  of  Pilot  Peak. 


RELATIONS  OF  lONEOUS  AND  SSDIUENTART  ROOKS.' 

That  the  quartz  monzonite  of  the  Lucin 
district  is  clearly  intrusive  in  the  Carboniferou-s 
rocks  Is  sho\Mi  by  dikes  of  a  rock  closely  re¬ 
sembling  tJio  quartz  monzonite  that  cut  the 
sedimentary  rocks,  by  the  presence  near  the 
quartz  monzonite  contact  of  rather  abundant 
aplitic  dikes  that  are  evidently  offshoots  of  the 
main  mass,  and  locally  by  the  presence  of  con¬ 
tact  silicates  in  the  limestones  adjacent  to  the 
contact.  The  igneous  rock  is  in  contact  with 
different  horizons  in  the  sedimentai-y  series 
over  a  thickness  of  at  Iciist  several  thousand 
feet,  a  relation  readily  and  naturally  accounted 
for  if  the  quartz  monzonite  is  intrusive  in  the 
scdimeuUiry  rocks.  It  seems  likely  that  the 
bodies  of  quartz  monzonite  outcropping  on  the 
east  and  west  side  of  the  raiigo  are  coimccted 


•  op,  fit.,  p.  sia 


492 


OnE  DEPOSITS  OF  UTAH. 


and  that  igiioous  rocks  may  he  relatively  more 
abundant  at  no  ;'rcat  depth. 

Some  basic  dikes  cut  iho  qiiarlz  nionzoaitc., 
and  it  seems  probable  that  the  basic  dikes  u: 
the  sedimentary  rocks  arc  also  later  than  the 
quartz  monzonite,  though  positive,  evidence  on 
tlus  point  is  laeking.  Tint  siliceous  porphyry 
dikes  were,  not  observed  in  the  (ju.artz  monzo- 
nite  and  their  relation  to  that  rock  is  not 
knovn. 

The  flow  rocks  at  the  northern  end  of  the 
rungo  arc  later  than  the  (.'arbotuferous  and 
earlier  than  the  late  Tertiary  sedimontarj' 
rocks.  They  wore  not  observed  in  contact 
with  the  bitrusivo  rooks,  and  tlio  relative  ages 
of  tlio  two  are  not  kjiown. 

STRCCTBIU;. 

The  structure  of  tlio  district  is  too  compli- 
culed  to  bo  thoroughly  undei'sfood  without 
dotaiktl  geologic  work.  Faulting  has  cndcntly 
been  imjxirtaiit;  from  the  pcleontologic  evi¬ 
dence  it  has  apparently  been  nioro  important 
tlian  general  inspection  would  indicate.  Fold¬ 
ing  has  apparently  pluyod  a  minor  part. 
Possiblj',  howevor,  the  rocks  underxs'ent  hroad 
open  folding  before  tliey  were  faulted. 

Ill  the  vicinity  of  Copper  Moimtaiii  the 
rocks  strike  a  little  west  of  north  and  dip 
approximately  30“  E.  \Vhother  their  altitude 
is  duo  to  faulting  and  tilling  or  to  brood  open 
folding  of  which  onl}'  ono  limb  i.s  oxjiosed  has 
not  been  positively  dotonnined.  Indeed,  the 
intrusion  of  the  quartz  moiizonito  may  have 
exerted  no  small  influcuco  on  the  present 
po.sition  of  tho  sedimentary  beds. 

A  strong  eaist-west  fault  that  crosses  the 
rango  south  of  Copper  Mountain  has  caused 
the  formation  of  a  piass.  Its  throw  has  not 
been  determined  hut  was  largo.  The  siliceous 
rocks  south  of  this  fault  do  not  extend  north  of 
it;  those  to  the  north  seimi  to  have  been 
throvm  down  relatively  to  those  to  tho  south. 
A  strong  north-south  fault  exU-nding  north 
from  the  oust-we.st  fault  along  the  crest  of 
Copper  Mountain  is  markial  by  a  stixjug  zone  of 
brccciatcd  and  highly  silicified  rock.  About  j 
1,000  yards  to  tho  west  another  strong  fault  of ! 
similar  trend  extends  south  from  the  east.-west 
fiuJt  and  b  possibly  u  continuation  of  tho 
Copper  Mountain  fault,  the  two  portions  hav¬ 
ing  been  separated  by  tho  cast-west  movement. 
There  aro  many  minor  faults  in  the  distinct  and 


probably  .some  others  of  large  displacement 

Fissures  trending  both  east  and  north  huvo 
been  obanncls  for  ore  solutions  and  for  the 
intrusion  of  dikes 

ottK  i)r.i'0.sn's. 

CONTACT  DEPOSITS. 

Contact  deposits  in  the  limestone  adjacent  to 
the  qu:ut.z  inonzonito  are  accompauied  by 
contact  silicates,  gurnet,  diopsidc,  treraolilc, 
and  the  like.  These  deposits  have  been  pros¬ 
pected  to  some  extent  north  of  Tecoma  Hill 
but  have  not  yet  been  shown  to  be  of  com- 
merciel  imjMirtnncc'. 

FISSURE  DEPOSITS. 

Tho  replacement- vein  type,  which  has  fur¬ 
nished  practically  the  entii'c  output  of  ilie 
district,  may  bo  subdimded  according  to 
metallic  contout. 


COPI-KK  DErOSIT.S. 


The  most  iinjxirtont  copper  deposit — lhatof 
the  Copper  Mountain  mine  of  the  Salt  Lako 
Copper  Co. — is  a  replacement  of  limestono 
apparently  chiefly  along  certain  beds  adjacent 
to  a  norlh-south  fiuJt  zone.  The  sedimentarr 
rock  in  tho  vicinity  is  limestone,  and  the  only 
intrusive  rock  scon  in  the  mine  is  a  diabase 
dike  20  to  50  feet  thick.  The  strilje  of  the 
dike  corresponds  in  a  general  way  with  that  of 
tho  fault  zone,  and  the  intrusion  apparently 
followed  tlvb  plane  of  weakne.ss.  The  accessible 
workings  at  the  time  of  vbit  did  not  furnish 
conclusive  evidonee  of  the  relation  of  the  dike 
to  the  ore  but  indicated  that  it  was  intruded 
after  the  deposition  of  the  ore.  There  has  been 
movement  along  the  fault  zone,  however,  since 
the  dike  was  intruded. 


The  ore  thus  far  developed  b  entirely  oxi¬ 
dized,  consbtiiig  of  hydrous  oxides  of  iron, 
oxide  of  copper,  “copper  pitch”  (a  black  aub- 
slancc  containing  copper^ and  manganese,, 
carbonates  of  copper,  silicate  of  copper,  and  e 
Inigo  amount  of  iv  clayey  raiucral  that  is  white 
to  dark  blue,  accorduig  to  tho  quantity  of 


copper  it  contains.  Thb  matonal  was  re¬ 
ported  by  W.  T.  SchaUi'T  to  bo  a  hydrous 
aluminum  silica  to.  Some  speoimoas  of  tho 
blue  mineral  approach  tho  composition  o 
cliiysocoUa,  Acc^mliiig  to  Ryan'  some  of  tbfl 


‘  Ryan,  G.  H.,  Sail  Uka  Min.  Uor.,  vol.  1»,  p.  ».  >'111. 
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‘•tiilcv’’  materini  contains,  as  as  27  pi'r 
cent  of  aluniiua.  Irregular  masses  of  cuprite 
are  in  places  inclosed  in  this  material,  making  a 
high-grade  ore. 

The  character  of  the  oro  differs  greutlj'  at 
different  i>oin(s;  for  example,  the.  southern  part 
of  the  cast  oro  body  is  mainly  hydrous  iron 
oxide  wliich  contains  lilllo  copper  but  which 
is  so  high  in  iron  that  a  large,  quantity 
has  been  shipped  as  Ikixing  ore.  The  northern 
purl  of  the  deposit  contains  much  more  copper 
nnd  some  of  it  is  high-grade  oro.  For  a  coin 
sidcrahlc  distance,  .south  of  the  known  ore  tho 
outcrop  of  the  fault  zone  Ls  a  highly  silicificd 
limestone  stained  with  oxides  of  iron,  in  whicli 
no  oro  has  been  fi>und. 

Tho  ore  was  doubtless  formed  by  the  oxida¬ 
tion  of  bodies  of  ii'on  and  copper  sulphides, 
though  neither  was  seen  in  the  mine,  tho  oxida¬ 
tion  being  unusually  complete. 

The  ore.  liody  outcrops  prominently,  and 
much  ore  hnsheen  extracted  by  opcn-cut  meth¬ 
ods.  Tho  ore  thus  far  mined  has  been  in  two 
bodies,  sopaiatcd  by  a  relatively  barren  /.one. 
Tho.  eastern  wall  of  the  eastern  deposit  is  formed 
ill  part  by  the  diabase  dike.  Prosj>ecting  east 
of  the  dike  has  failed  to  find  oro  in  important 
amounts.  Oro  bus  been  developed  for  150  to 
200  feetbelow  th.c  ou  terop,  but  rather  extensive 
prospecting  at  greater  depth  has  failed  to  dis¬ 
cover  important  boilics.  Li  ID  12  a  tunnel 
which  was  being  liriven  from  the  cast  side  of 
the  mountain  900  to  1,000  feet  below  the  out¬ 
crop  of  the  oro  body,  to  prospect  the  supposed 
downward  extension  of  the  oro  zone,  had  not 
encountered  ore  but  had  found  a  considerable 
body  of  quartz  inonzonite  nearer  to  the  ore 
zone  than  is  apparent  ou  the  surface. 

LKAD-SILVEB  DKPOSlTS. 

Several  deposits  in  tho  district  were  workeil 
mainly  for  their  Icad-silvex  content  in  the  early 
days  hut  arc  at  tho  present  in  lai-go  part  ni- 
ttccessiblo.  (See  p.  489.)  Tim  Tccoma  mine 
has  been  the  most  important  proiliiccr  of  this 
•ypc. 

Tile  sedimentary  rock  of  Tccoma  Hill  is 
limestone,  which,  along  the  north  side  of  tho 
bill,  has  undergone  some  contact  nltoratioiv 
^■id,tnincriilizatioii  from  the  qunrtz  raouzonitc 
Iherc  exposed.  Dikes  of  siliceous  granite 
iwrphyry  cut  the  limestones.  A  strong  one 


strikes  generally  east  and  apparently  dips 
steeply  south.  Tho  limcslones  are  also  cut 
by  northeasUsouthwest  fissures,  some  of  wliich 
contain  dUics. 

The  ore  bodies  could  not  be  studied,  but  they 
apparently  occurri'il  ns  replaeoments  of  the 
limestone  along  the  fissures,  the  main  ore  .shoots 
being  formed  where  eortain  hods  of  limeslono 
bad  been  replaceil  for  some  distance  from  the 
fissures. 

The  ore  thus  far  o.xtrac.ted  lias  been  oxidized. 
It  contained  inncli  iron  nnd  in  plwcs  much 
wulfcuite,  tho  molybdate  of  lead.  Hague  ’ 
says: 

The  laolyhdiitc  ni  loail  lr«|iinntly  fonn-s  ho  lajjli  a  poT- 
cenU}^  of  the  oro  an  to  iutorforc  aoriounly  with  ila  trciit- 
mcnl  In  '.lie  oidioary  lead  (uniacpH,  roiidf  rinR  n  moditica- 
lion  of  tho  incilioda  employed  very  desirulilo.  The  cr)y- 
lalli/ed  walfenile  .from  the  Tecoma  mine  occurs  in  largo 
masios,  the  faces  of  icdividmil  <;rv8tai8  having  Ixm'u  ob- 
Bon'ed  from  an  inch  to  14  inches  in  length.  They  prnioai 
a  resinous  luster,  a.  lemon-yellow  color,  and  are  frequently 
IraiLsparent.  and  exceedingly  brittle.  la  lixo  and  bril¬ 
liancy  the  nnestspeciinens  (arsnrpusa  the  famous  wulicnilo 
crystals  from  the  limeHtuncs  of  nieibofg  in  OarintliLa. 
.Vssociutod  with  the  wulfenite,  adliertag  to  the  broad 
I  tabular  faces,  may  occaidonally  be  scon  well-dcvelopetl 
^  eryslala  of  ceni.sito  and  aiiglesito  (carboiuilo  and  sulphate 
of  lead). 

Plumbojarosite,  a  basic  lead-iron  sulphate, 
was  collected  from  the  dump  of  the  Tecoma 
mine,  but  it  is  not  knovui  to  wliat  extent  it 
was  present  in  the  ores. 

In  1912  the  Copper  Mountain  Mining  Co. 
was  extracting  some  oxidized  lead  01c  north  of 
the  Copper  Mountain  copper  inino  from  similar 
sedimentary  rocks.  The  main  development 
was  In  afi-ssure  striking  N.  G0°  W.  and  dipping 
northeast  along  which  the  mineralized  baud  is 
practically  continuous  though  not  of  tiniform 
wdth,  extending  farther  into  some  limestone 
beds  than  into  othei-s  ond  being  in  place.s  nearly 
cut  out  by  coarse  calcito  wliich  fills  the  fi.ssures 
except  for  an  inch  or  two  in  the  hanging  wall. 
Tho  thickness  of  the  oro  varies  from  a  fow 
inches  to  2  feet  or  more.  Some  copper  ore  has 
also  been  e.xjioscd.  Tho  output  of  load  01  e 
from  this  part  of  tho  district  has  not  been  largo. 

In  1912  the  Mineral  Mountain  Minuig  Co. 
was  prospecting  its  property  in  tlie  southern 
partof  the  district.  Asinall  amountof  develop¬ 
ment  was  being  done  on  otlicr  properties  and 
i  soino  ore  was  shipped.  _ 


>  HariH.  .'moia,  op.  cil.,  p.  Vi*. 
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oe:rzsis. 

Tlio  present  <leve!(iiHTicnt  of  the  district 
gives  littlo  eluo  to  t!io  origin  of  the  ores.  The 
Copper  Mountain  deposit  is  associated  wntli  a 
l)a.sic  dike  but  affords  no  evidence  of  intimate 
genetic  relation  between  it  and  the  ore  deposits. 
Tlie  same  i.s  possibly  true  of  l  lio  siliceous  dikes 
and  tlio  oro  deposits  in  Teeoma  Hill,  their  close 
a.ssooiiition  appearing  to  be  due  to  the  fact  that 
both  tho  ore  solutions  and  the  dikes  entered 
the  rocks  along  the  siuno  fracture  zones. 

The  contact  deposits  that  occur  to  a  small 
extent  in  the  limestone  near  the  quartz  inonzO' 
nile  are  apparentl}'  geiioticiiUy  associated  with 
its  intrusion.  This  fact  and  tho  stud3'  of 
similar  deposits  who.se  relations  are  more  ap¬ 
parent  leads  to  the  belief  that  all  the  ore  de¬ 
posits  of  the  district  are  gcncticall}'  associated 
with  tho  intrusion  of  quartz  monzonite. 
Heated  solutions  carrying  the  comstituents  of 
tho  ores  rose  along  tho  fus.snros  and  deposited 
sulphides  and  other  minerals  in  limestone  beds 
favorable  to  i-oplacement.  Tliese  deposits  were 
subsequently  oxidized  by  descending  solutions. 

VARiaCITZ  DEPOSITS. 

Variscito,  a  hydrous  aluminum  phosplinto 
(AlP{\.2ll20),  o(XMii-s  3  miles  northwest  of 
liucin  and  has  bi'en  mined  to  some  extent  ns  a 
gem  material. 

According  to  Sterrott  ‘  the  variscito  occurs 
as  boUs,  nodules,  nud  irregular  masses  in  a 
cherty  breccia  containing  fragments  of  lime¬ 
stone. 
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GROUSE  CREEK  R.\NGE. 

By  B.  S.  BcTtKK. 

LOCATION. 

Tlie  Groust!  Creek  Range,  in  the  northwestern 
part  of  the  State,  in  Bo.x  Elder  County,  extends 
from  ft  few  miles  north  of  the  Southern  Pacific 
Railroad  (Lncin  cut-off)  to  the  northern 

•  SUrTOtt,  1).  B.,  t*.  3.  Qcol,  Survey  Mineral  Roouinr,  iniO  nt 
2.  p.  ton,  1011, 


boundary  of  the  State,  a  distance  of  nearly  4o 
miles.  Its  southern  mwl  central  portion  lies 
between  the  Grouse  Crei'.k  vnlley  on  the  west 
nnd  the  Muddi'^  Creek  valley  on  tho  cast.  Far¬ 
ther  north  it  merges  with  the  Raft  River 
Range. 

GEOLOGY. 

SEnrMK.NTAKY  nOCKS. 

The  lowest  formation  in  tho  range  observed 
by  the  writer  is  u  tiiick  series  of  hornblende 
nnd  mica  schist,  wliich  is  overlain,  in  places 
at  least,  by  a  gneissic  conglomerate,  nud  this 
in  turn  by  a  scrit's  of  inipuro  lirat'sfoncs  whose 
raaxiimun  observed  tliicknes.s  is  about  100 feet. 
The  limestone  is  followed  by  a  series  of  sandy 
and  sbiily  .sediment ary  deposits.  Along  the 
west  side  of  the  range  a  series  of  conglomeratic 
nnd  sandy  bcd.s  is  overlain  by  light,-griiy  tuffs. 
East  of  Grouse  Ci'eck  the  lowest  bcd.s  exposed 
are  a  rather  coarse  congloniernto  composed  of 
pebbles  of  schist  and  quartzite.  Tile  pebbles 
are  similar  to  the  rocks  exposed  in  the  Grouse 
Creek  Range.  OverR'ing  the  conglomerate  are 
thick  beds  of  wliite  tuff. 

No  fossils  were  found  in  the  sedimeiitaiy 
aeries,  but  the  lugl\ly  metamorphosed  chnr- 
acter  of  tho  lower  formations  strongly  suggests 
pre-Cambrian  age  and  the  loss  metamorphosed 
formations  have  been  assigned  to  tho  some 
age  (see  PI.  IV),  though  they  may  prove  to  be 
3'oungor.  Hogue  ^  mentions  finding  on  AvievU- 
peden  in  beds  in  tho  south  end  of  the  rango, 
indicating  tho  presence  of  Paleozoic  rocks. 

If  the  rocks  of  the  main  range  are  pre- 
Cambrian  they  contain  more  limostone  than 
tho  corresponding  rocks  farther  to  the  east. 
However,  they  seem  lithologicallj"  to  resemble 
tho  prc-Camhrifin  moi'e  closely  than  auy 
younger  rocks. 

'Fho  coiiglomerntes  and  tuffs  along  tlie  Vi'est- 
em  base  of  tlie  rniigo  aro  regarded  ns  of  Ter¬ 
tiary  age.  Hague  ’  refem  tliem  to  the  horizon 
of  the  Humboldt  formation  (Pliocene)  from 
their  gencrnl  resemblance  to  tho  beds  developed 
ill  tho  upper  Humboldt  Valley. 

IXTHUSJVE  ROCKS. 

•  The  largest  body  of  iiitioisive  mck  exposed 
in  the  rango  is  near  its  southoni  end  oi'd  is 
said  to  extend  6  to  7  miles  from  east  to 

»  Uaeuv,.\niot(|,  U,  S.  Owl.  Far.  Rorl  !’•'***' 
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iviui  iiboiiL  hrtlf  that  distance  from  north  to 
south.  Fiirthcr  nortli  u  canyon  southousb  of 
Grouse  Creek .sottlo.inont  has  cut  through  thosed- 
iiaonfury  rocks  and  e.xpo.scd  o.  body  of  intrusive 
rock,  and  other  cauyon.s  arc.said  to  iiuvn  done  the 
same.  The  range  may  be  iindorlnin  by  a  Jiin»c 
body  of  intrusive  rook,  only  ooinpnrativeTy 
small  ureas  of  which  have  been  exposed. 

The  rock  of  the  laigo  muss  in  tho  southern 
fiid  of  the  inouutain.s  varies  considerably  in 
composition.  A  hirgo  part  of  it  i.s  gnmo- 
(liorite  or  quartz  diorito,  but  small  bodies  are, 
probably  true  diorite,  and  othois  might  ho 
classed  as  quartz  monzonito.  The  rock  ex¬ 
posed  at  Red  ButU's,  southeast  of  Clrouso 
Creek,  is  similar  in  composition  to  tho  larger 
Ixidy  in  tho  south  end  of  the  range. 

Numerous  pegmatite  dikes  composed  of 
quartz  and  feldspar  appear  to  grade  into  veins 
or  dikes  of  pegmatitic  quartz,  many  of  which 
are  large  and  cun  be  traced  for  several  thoiLsaiid 
feet. 


A  milltng  plant,  cr-ected  on  the  Vipout  ^roun 
L  Lowis 

fiTr'*-'  ""‘i 

.uniting  „  i„„ 

ao  pound*  of  u-hicl,  one-hvoMioth  w,S  re- 

[n  I^Q  II  "  romnindor  silver, 

n  1S99  the  nuU  cciutprnciit  was  enlarged  bv  the 
addition  of  a  double-deck  Wihley  taWo. 

PRODUCTION. 


The  only  mining  operations  have  boon  on  the 
ipontgi’oup,  which,  ns  already  noted,  yielded 
prcviou-s  to  1899  some  silver ‘oi-e  of  ahipphig 
grade  and  milled  some  ore.  From  1899  to  1904 
fiSo  ton.s  of  ore  were  mined.  The  productini'i  of 
tho  distnct  during  the  sovonties  and  eighties 
woidd  aggregate  ns  much  as  shown  in  the  fol¬ 
lowing  table.  The  mines  had  been  idle  since 
1904  but  bctuirae  active  in  1917. 


ProilucUini  of  nutfkU  in  Aslibronk  diulru-t. 


HISTOKY. 

By  V.  C.  IlEiKEa. 

The  .Vshbrook  district  is  in  the  northwest 
coraer  of  Utah,  wlvcre  the  Grouse  Creek 
and  Goose  Creek  ranges  unite.  It  enn  be 
reached  from  Kclton,  on  tho  old  line  of  the 
Southern  Pacific  Railroad,  .^5  miles  to  tho  east 
over  n  good  wagon  road,  and  from  Burley, 
Idaho,  on  the  Oregon  Short  Line,  83  miles  to 
die  north.  Tho  district  is  in  lui  open  rolling 
lull  country,  culminating  here  and  there  in 
mgh  ridges  and  levy  mountain  ranges.  'Uie 
mmes  are  grouped  witliin  a  circle  a  mUe  in 
‘kumetsr  7,000  feet  above  sen  level.  The  first 
cluim,  tho  Homestuko,  was  located  August  19, 

,  and  the  district  was  oigmiizcd  July  1, 
“I.  The  deposits  have  been  worked  at  vaii- 
us  times  in  a  small  w'ay  and  are  opened  by  a 
‘uimel  1,400  feet  long. 

Ih  Trf^.xington  and  vVrgenta  claiius  of 

1  ^  group  were  worked  midcr  bond  and 

vinlMi^^^-  olaiin,  which  was  found  to 

ion  silver  ore,  shipped  nearly  26  i 

iilv^'  ail  average  of  116.9  ounco.s  of  i 

^  ounce  of  gold  per  ton,  to  the  old 

IS93^Ti  similar  lot  in 

vranf  c  ®Pfion  was  allowed  to  expire  for  j 
— ^0  sufficient  funds  for  development.*  j 


Year. 

Ore 

mined 

(ahnrt 

tous}. 

1  Gold. 

(  Silver. 

1 

Total 

value. 

Fine 

cuac<y. 

Value. 

Pino 

ounces. 

Value. 

1590.. .. 
1900.-.. 

1901.. .. 

1902.. .. 

1903.. .. 

1904.. .. 

1917.. .. 

225 
22 
200 
28 
91 
119 
27  1 

97,  17 

D.  04 
3.30 
C.5S 
7.7.5 
4.;K) 
3.74 

$76,S 

187 

68 

115 

1G9 

89 

77 

18, 245 
3,  .H74 

1,  639 

1, 610 
3, 189 
1,612 

1,  400 

910, 947 
2, 092 
983 
8611 

1,  722 
923 
1,153 

811,716 

2,279 

i.aol 

964 

1,882 

1,012 

1,230 

»7,12 
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ORE  DEPOSITS. 

DEVELOPMENT. 

Prospecting  in  the  range  begau  many  years 
ago  and  ha-s  been  intermittent  to  tho  present 
time,  but  no  important  production  has  resulted 
except  ill  the  northern  extension  of  tho  range, 
near  the  Idaho  line,  ivliere  tho  V'ipont  mine,  in 
the  Ashhrook  district,  produced  for  a  short 
time.  At  the  time  of  visit  (191.1)  prospecting 
wn.s  being  cunied  on  in  the  south  end  of  the 
range,  where  scheelite  deposits  had  been  dis¬ 
covered  by  FVaiik  Edison  and  were  being  pros- 
poclcd  under  tho  diroetion  of  George  W.  Ritor, 
of  Salt  Lake  Cit}'. 


'8Li,b«„„q  uvljnln*. 


Sail  Lak«  ru.v,  Uun-h,  lUU 


■  UiDliig  Dulu:  Kdk.  liDil  Uln.  Joiir.,  Ocl.  14,  l)iU7. 
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TUXOSTBN'  HF.l’OSITS. 
rosebud  creek  district. 

CKX,'Utll(K.SCE. 

Tlio  deposits  of  .sclundito  (calcium  tuagstatc; 
CuO,  19.4  per  cent;  WOj,  80.6  per  cent)  oc.cur 
jirincipail}’’  as  a  rcpluccmont  of  limestone-.  As- 
sociatfs!  with  tlio  aclieolitc  is  abundant  quaitz, 
opidote,  chlorite,  and  muscovite,  and  lesser 
amounts  of  garnet  aiul  jirobably  othci  silicates. 
Neither  magnetite  nor  lumiatite  was  noted,  and 
both  are  certainly  notably  scarce.  Likewise, 
little  sulpliido  is  present  though  some  galena 
ha.s  la'cn  found,  and  some  of  the  limonitc  may 
have  been  derived  from  sulphide  of  iron.  Barite 
was  noted  in  several  of  the  prospects  and  is 
apparently  rather  plentiful  but  wtvs  nowhere 
seen  to  bo  inclosed  in  scheclite  nor  schcelitc 
in  it. 

The  minerals  replacing  tlie  limestone  npjiear 
to  have  formed  at  essentially  tho  same  time. 
No  other  mineral  has  been  obseived  inclosed  in 
tho  schecUto,  and  it  was  possibly  among  the 
earliest  to  form,  though  the  general  relations 
indicate  that  tho  primary  minerals  were  essen¬ 
tially  contemporaneous. 

At  a  few  places  tho  effects  of  mineralization 
extend  along  fissures  a  short  distance  into  the 
intrusive  body,  but  nowhere  were  they  observed 
more  than  a  few  feet  from  tho  contact  and  no¬ 
where  did  they  change  in  character,  indicating 
that  tho  areas  wore  within  the  influence  of  the 
limestone. 

The  deposits  have,  undergone  considerable 
oxidation.  Among  tho  secondary  metallic 
minerals  were  noted  cerusito,  resulting  from 
tho  alteration  of  galena,  and  vanadinite,  possi¬ 
bly  also  a  product  of  the  oxidation  of  galena. 
Some  of  tho  scheoUte  is  coated  with  a  yellow 
material  that  is  probably  tungstate,  though  it 
was  not  obtained  in  sufficient  amount  for  an 
accurate  determination. 

onic.iN. 

Tho  minerals  associate  with  tho  scbeelite 
are  tho  same  us  those  present  in  other  districts 
in  the  State  where  metal  dejxisifs  occur  as  a 
replacement  of  limestone  associated  with  in¬ 
trusive  bodies  and  where  the  evidence  is  pretty 
conclusive  that  the  metais  have  been  deposited 
from  solutions  coming  from  the  intrusive  rocks. 
The  deposits  dilTcr  in  some  of  tlic.  associated 
ganguo  minerals  from  the  scheclite  replacement 


deposits  of  thoClirtoii  district,  but  their  general 
relations  are  similar  and  they  are  hnheved  to 
have  had  a  similar  origin. 

CO  M  M  K  KCI A  r.  1 M  POKTANC  K . 

At  the  time  of  visit  it  had  boon  shown  that 
schcolito  is  present  at  numerous  places  along 
tho  contact.  At  no  localitj',  however,  had 
extensive  devolopinoat  been  made,  and  tho 
oxpo.surcs  wore  not  suflieient  to  warrant  a  pre¬ 
diction  concerning  the  future  possibilities  of  the 
deposits.  At  no  place  had  material  carrying 
more  than  a  fe%v  per  cent  of  se.heelito  been 
developed  and  most  of  tiie  rock  was  very  low 
in  grade. 

UTMBIt.  ntPOSlTS. 

North  of  tho  intrusive  body  at  tho  south  end 
of  the  range  the  quartz  veins  have  been  pros¬ 
pected  at  nuinei*ous  localities  but  most  exten¬ 
sively  at  tho  Mogul  mine  and  at  Red  Buttes. 
At  neither  locality,  however,  were  oporatious  in 
progress  at  the  time  of  visit,  and  few'  data  con¬ 
cerning  the  deposits  were  obtainable.  Speci¬ 
mens  containing  galena  in  a  gangue  of  quartz 
and  calcite  wore  obtained  on  the  dump  of  tho 
Jfogul  mine  and  specimens  composed  of  quartz 
and  sulphides  of  iron  m\d  copper  on  the  dump 
of  the  Red  Buttes  tunnels.  Some  of  the  block 
shale  on  the  dumps  of  the  Rod  Buttes  tunnels 
w'as  impregnated  with  iron  sulphide.  Both 
deposits  are  said  to  contain  gold  and  silver. 

The  prospects  north  of  Red  Buttes  wejo  not 
visited.  Considerable  prospecting  is  said  to 
have  been  done  in  the  area  between  Red  Buttes 
and  tho  Yipont  mine. 

Tho  deposits  of  tho  Yipont  mine,  in  the  /ish- 
brook  district,  aro  said  to  occur  as  a  replace¬ 
ment  of  Umestono  associated  with  dikes  of 
"  quartz  porphyry."  Tho  metallic  minerals  ore 
sulphide  of  iron  and  lead,  with  arsenic  and  anti¬ 
mony  minerals,  in  w'hich  tho  silver  is  said  to  be 
themo.st  abundant.  The  oxidized  ores  arosaid 
to  contain  pockets  of  "cliloride"  and  native 
silver. 

RAtT  RIVER  MOUNTAINS. 

TOPOGRAPHY. 

llie  Raft  River  Mountains  extend  east  and 
west  for  about  20  miles.  South  of  the  range 
is  the  broad  Park  Yalloy,  from  which  the 
mountains  rise  to  an  elevation  of  about  2,000 
feet.  The  streams  south  of  tho  crest 
caiwed  the  range  into  a  series  of  ridges  an 
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vallevs,  producing  a  topography  which,  as  a  , 
whole,  is  not  ruggetl  when  compared  with  that  1 
of  other  mountains  of  tlm  State.  I 

Tho  range  is  sunicicnlly  higli  to  receive  n  | 
rather  heavy  precipitation  and  tho  snow  lingers  i 
till  late  in  tiio  spring,  furnishing  water  to  nu¬ 
merous  streams. 

PAKK  VALLEY  DISTBICT. 

By  B.  S.  UuTLF.n. 

The  writer  spent  hut  one  <iay  in  the  Park 
Valley  district,  and  the  following  notes  are 
based  on  observations  made  during  that  time 
and  iniormation  furnished  by  Messrs.  T.  W. 
Ireland  and  Harry  Marlin,  in  chaise  of  the 
principal ^nines  of  tho  district. 

GENEIt.Vl.  FE.ATLTJES. 

Tho  Park  Valley  district  is  in  the  iiorthwcst- 
cni  part  of  Box  Elder  County,  at  tho  soutlu^ni 
base  of  the  Raft  River  Mountain.^.  The  dis¬ 
trict  is  about  25  miles  northwest  of  Kelton, 
the  nearest  railroad  station  on  the  old  line  of 
the  Union  Pacific  Railroad. 

Though  thcro  are  no  largo  streams,  sufficient 
water  for  milling  is  furnished  by  tho  stnuinis 
from  the  mountains.  Coni  has  been  geuerally 
tiseJ  as  a  fuel  for  power  purposes,  but  the  long 
haul  has  made  it  expensive.  Tlie  Susannah 
mine  has  employed  gasoline  power. 

niSTOBY  AXD  PUODUCTIOX. 

By  V.  C.  Hkikes. 

Oohlon,  the  principal  camp  of  the  district,  is 
on  the  southern  slope  of  the  Raft  River  Range. 
A  company  was  formed  in  1S96  to  operate  tho 
Century  pro  per  tj’  and  was  the  beginning  of 
iclivity  in  the  district.  Shortly  after  a  Craw-  | 
ford  •malgumation  mill  of  10  tons  daily  capac¬ 
ity  was  erected  and  considerable  gold  bullion 
0.954  fine  was  recovered.  This  mill  was 
eventually  discarded  and  a  new  one,  with 
*utteen  1,000-pound  stamps  and  five  Wilfley 
concenlmtors,  was  ertxited.  About  75  per 
cent  of  the  assay  value  of  tho  ore  was  recov¬ 
ered  by  amalgamation  and  15  per  cent  by  the 
tcoovery  of  lead  concentrates.  This  mine 
cceaed  producing  about  1905  on  account  of 
exhaustion  of  the  better  grade  of  ore  that 
d  been  developed  and  tho  necessity  of  more 
^velopnient,  which  has  been  porformtnl  from 
‘®®  ‘o  time  up  to  1013.  About  $400,000  has 

Solio®— 10 - 32 


been  produced  in  gold,  silver,  and  lead  and 
835,000  pai<i  to  the  mine  stockholders. 

To  tlio  west  the  extension  of  tho  Century 
Vein  was  opened  in  the  Siisannidi  propertv. 
Tho  high-grauo  gold  ore  was  sliipped  and  the 
second-ckss  ore  was  treated  in  a  10-foot  Lane 
slow-speed  roller  mill,  which  was  constructed 
in  July,  1909.  Since  then  a  small  amount  of 
gold  bullioit  has  been  produced  ovorv  year. 

flEOI.OGY. 

SEDUIEMTARY  KOCXS. 

The  eeclimontary  rocks  in  the  vicinity  of 
Golden,  near  the  west  end  of  the  range,  where 
they  were  examined  by  the  writer,  consist  of 
a  series  of  quartzites  and  schists,  both  highly 
metamorphosed.  'Hie  quartzite  show.s  the  de¬ 
velopment  of  muscovilo  and  a  schistose  cleav¬ 
age  and  the  schist  is  typically  a  dark  hiotite 
schist,  but  there  arc  all  gradations  between 
tlie  two.  Tile  formation,  sevend  tliousand 
feet  of  which  is  exposed,  is  cviilently  a  meta¬ 
morphosed  series  of  intorbodded  shales  and 
quartzites.  No  other  formation  is  exposed 
south  of  tho  divide  in  tho  vicinity  of  Golden, 
and  us  tlie  range  was  not  examined  to  the  east, 
where  later  rocks  are  apparently  present,  it  is 
not  possible  to  give  its  exposed  thickness. 
No  fossils  were  collected  from  the  sedimentary 
scries  and  its  ago  is  tboreforo  not  knowm,  but 
as  its  general  character  and  appearance  are 
similar  to  those  of  tho  pre-Cambrian  of  the 
Wasatch  Range,  it  is  provisionnllj’^  considered 
of  that  age. 

IOXZOT7S  BOCSS. 

Igneous  rocks  weie  ob3er\'etl  only  i»\  the 
immediate  vicinity  of  Golden,  but  granite  is 
reported  to  outcrop  in  Pino  Canyon,  several 
miles  to  the  east. 

ITio  main  intnisive  body  consists  of  coarae- 
grnined  porphjTitic  granite  composed  mainly 
of  quartz  and  feldspar  and  .some  biotito.  The 
j  porphyritic  crystals  arc  microclino  and  inclose 
i  small  crystals  of  acidic  plagioclaso.  Crystals 
containing  many  foils  of  scricitic  mica  appear 
to  be  plagiocla.se.  The  groundmass  of  the 
rock  is  on  intergrowth  of  quartz  and  ortho- 
clasc,  with  foils  of  biotito  and  muscovite. 

Near  tho  contact  with  tho  sedimentary  rocks 
the  granite  has  a  schistose  or  gnoi^sic  structure. 

Both  tho  granite  and  tho  sedimentary  roclvS 
I  adjacent  to  tho  granite  are  cut  by  numerous 
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pegmatite  dikes,  which  vary  grefttly  in  sine 
and  composition.  They  are  composod  essen¬ 
tially  of  quart/,  and  orthoclase,  hut  they  grade 
from  rock  in  which  feldspar  is  abundant  to 
pegmatitic  quarts  veins  from  which  it  is 
entirely  absent. 

In  many  dikes  the  feldspar  is  concentrated 
near  one  or  both  walls  and  the  quartz  in  the 
confer  or  adjacent  to  one  wall.  In  such  dikes 
there  is  no  definite  boundary  between  tho 
feldspnthic  portion  and  the  quartz  portion- 
Many  such  dikes  contain  small  amounts  of 
sulphide,  which  was  one  of  tho  latest  minerals 
to  crystallize.  The  order  of  crystallization  of 
the  minornls  was  first  quartz  and  feldspar, 
later  quartz  alone,  and  fijially  sulphides. 

BELATIonS  OF  SEDIKEirTAIlT  ASD  IGITEOUS  ROCKS, 

The  general  relations  of  the  rocks  exposed  in 
the  vicinity  of  Golden  suggests  that  the  sedi¬ 
mentary  rocks  are  younger  than  tho  intrusive 
and  were  deposited  upon  them.  More  detailed 
examination,  however, suggests  that  the  gianite 
is  intrusive.  No  dikes  clearly  connected  with 
the  main  granite  mass  were  seen  in  tho  sedi¬ 
mentary  rocks,  hut  many  masses  of  the  sedi- 
meutary  rocla  within  tho  gnuiito  can  be  most 
readdy  accounted  for  by  supposing  that  they 
were  included  at  the  time  of  intrusion.  Peg¬ 
matite  dikes  are  present  both  in  the  granite 
and  in  tho  sedimentary  roclcs.  In  the  sedi¬ 
mentary  rocks  they  are  most  abundant  near 
tho  granite  contact  and  decrease  in  abundance 
09  the  distance  from  the  granite  increases. 
These  dikes  are  believed  te  be  closely  related  to 
the  granite  and  to  represent  a  late  phase  of  the 
igneous  acti\'ity.  If  so,  the  granite  is  younger 
than  tho  sedimentary  rocks. 

STRUCTURE. 

The  general  structure  of  the  range  is  that  of 
an  anticline  or  dome.  The  sedimentary  rocks 
of  the  south  side  strike  east  iuid  dip  south, 
away  from  tho  mounlaiiaj;  and  observations 
from  the  summit  of  the  range  indicate  that  on 
the  north  they  dip  north,  also  away  from  the 
monutams.  This  gives  an  anticlinal  or  dome 
structure  to  the  range.  In  tho  vicinity  of 
Golden  streams  have  removed  the  sedimentary 
roclvs  and  have  e.xposed  an  intrusive  granite 
mass.  This  ndatioii  strongly  suggests  that  the 
main  structmal  feature  of  tlie  range  k  due  to  a 
doming  of  the  sedimonUuy  rocks  by  the  intru¬ 


sion  of  a  granitic  mass.  This  explanation,  is 
strengthened  by  the  fact  tha  t  tho  main  stnic- 
turcs  due  to  folding  and  faulting  in  the  general 
region  trend  north  and  south. 

Many  of  the  pegmatitic  dike-s  in  tho  sedi¬ 
mentary  rocks  are  parallel  to  the  bedtKng  or 
schistosity,  but  some  of  them  cut  across  tho 
bedding. 

ORE  DEPOSITS, 

The  ore  deposits  occur  in  a  series  of  veins 
that  strike  about  N.  20°  E.  and  dip  40°-o0‘’ 
SE.,  or  even  more  steeply. 

The  Century  vein,  which  is  the  most  im- 
poi'tant  yet  developed,  can  be  traced  along  the 
strike  for  several  thousand  feet,  l^ether  it 
is  continuous  or  is  composed  of  a  series  of 
lenses  along  the  same  general  strike  has  not 
been  positively  demonstrated.  Several  veins 
essentially  parallel  with  the  Century  vciu  have 
be.e.n  but  slightly  developed. 

The  mineral  fissures  cut  the  granite  and  what 
appear  to  be  fragments  of  schist  inclosed  in  the 
granite.  At  some  points  the  fissure  cuts 
through  the  schist  with  little  change  in  size, 
but  at  other  points  it  feathers  out  on  entering 
the  schist.  The  vein  pinches  and  swells  along 
both  the  strike  and  dip  from  a  few  inches  to 
several  feet  in  thickness. 

Tho  veins  contain  several  distinct  kinds  of 
filling.  At  many  points  along  the  hanging  wall 
tho  filling  consists  of  a  pegmatitic  intergrowth 
of  orthoclase  and  quartz,  commonly  designated 
‘  ‘  hauguig-wall  quartz.”  At  otlicr  points  it  con¬ 
sists  of  coai-se  white  quartz  and  at  still  other 
points  of  fiuei’-graincd  quartz  with  sulphides 
and  sulphaisenidcs  or  their  o.xidution  products. 
Tho  ])ortions  of  the  vein  contuimng  orthoeJosc 
and  coarse  white  quartz  ctirry  little  if  any 
metal.  Tho  ore  shoots  are  confineil  tr)  the  finer 
quartz. 

Tho  xmoxidized  ore  contains  galena,  sphaler¬ 
ite,  pyrite,  chalcopyrite,  and  arseuopyritc,  and 
the  oxidized  ore  probably  contains  their  com¬ 
mon  oxidation  products.  Eich  oxidized  ore 
carries  visible  free  gold.  Lead  is  commonly 
regarded  us  an  indication  of  relatively  rich  ore, 
and  atsome  points  at  least  copper  is  considered 
to  be  less  favorable. 

Tho  ore  mined  from  the  district  has  been 
laigely  o.xidizcil,  and  reliable  data  as  to  the 
grade  and  character  of  the  unoxiilized  material 
are  not  available.  Small  developments  in  the 
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Century  mine  are  said  to  have  eiicoimtered  a 
good  grade  of  unoxidized  ore,  and  prospcefin<» 
northeast  of  the  Ct'ntury  has  developed  base 
ores  that  arc  said  to  be  of  good  grade  but  not 
suited  to  treatment  in  the  mills  of  the  district. 

Gold  is  the  most  valuable  constituent  of  the 
ore,  but  silver  and  some  lead  have  also  been 
obtained. 

The  occurrence  of  the  ore  is  similar  to  that 
of  the  Queen  of  Sheba  mine  in  the  Deep  Creek 
Eange  (p.  485).  The  genesis  of  this  type  of 
deposit  is  disenssed  on  page  48(1. 

The  mines  th.at  have  made  the  principal  pro¬ 
duction  to  the  present  time  are  the  Century  and 
(he  Susannah.  These  are  on  the  same  vein,  the 
Centuiy  to  the  east  and  the  Susannah  to’tlio 
west.  Both  arc  developed  by  lunneb.  The 
outcrop  of  the  vein  is  too  low  to  permit  deep 
development  by  tunnel,  and  if  tlio  vein  is  to  be 
prospected  at  depth  it  must  bo  by  shaft  or 
winze.  This  ■will  necessitate  the  pumping  of 
water.  How  much  water  would  be  developed 
by  such  work  is  of  course  unknown,  but  it  is 
reasonable  to  suppose  that  it  will  be  con¬ 
siderable. 

There  has  been  considerable  prospecting  by 
other  companies  in  tho  vicinity  of  Gohiou  and 
some  prospecting  in  Pine  Canyon,  several  miles 
lo  the  east,  on  what  is  reported  to  be  a  largo 
body  of  quartz  in  granite. 
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BtBUOGRAPnV. 

MacF.mwrn-,  n.  W.,  The  Park  Valley  miniag  district  of 
Utah:  Salt  Lake  Miu.  Rev.,  vol.  II,  pp.  17-18,  1909. 

nefly  describes  tho  geology,  developments,  and 
iiie^iUlurgic  plants  of  the  dLstiict. 
ic.GiNs,  W.  C.,  The  Century  and  Susannah  minoa,  Uuh: 
-alt  Lake  Min.  Rev.,  vol.  11,  pp.  19-22,  1909. 

PRO.MONTORY  DISTRICT. 

By  n.  S.  Botlkh  and  V.  C.  Hkiker. 


general  features. 

Elder 

‘r  iV  "  extending 

sonthvard  fr^i  the  north  shore  i.ito  the  Great 

Salt  Lake.  The  southern  end  of  the  promon- 
toi)'  IS  crossed  by  the  Southern  Pacific  Rail¬ 
road  (Lucm  cut-off),  which  (through  Saline 
station,  on  tho  westpm  side  of  tho  promonUn-y) 
serves  the  portion  of  the  range  in  which  ore 
^posits  have  been  developed.  Tho  station. 
Promontory,  is  about  25  miles  to  the  north, 
on  the  old  hue  of  tho  Southern  Pacific. 

Tho  area  in  which  ore  has  been  produced  is 
3  to  4  miles  north  of  the  Lucin  cut-off  and 
about  1,000  to  1,500  fcot  above 'it.  ft  is 
reached  by  a  wagon  road  whose  grade  is  mod¬ 
erate  for  most  of  the  distaiire  but  becomes 
rather  steep  near  the  camp.  Wagons  and  a 
motor  truck  haul  ore  to  the  railroad  and  sup¬ 
plies  to  the  camp. 

The  range  supports  a  rather  scanty  growth 
of  cedar  and  other  scrubby  trees  which  are 
available  us  fuel.  Some  springs  rise  on  tho 
south  end  of  tho  promontory  but  none  near 
the  camp.  At  the  time  of  the  writer’s  visit, 
water  was  brought  in  on  the  railroad  for  the 
section  crew  at  Saline  and  for  tho  Lako  View 
Mining  Co.’s  camp,  but  the  attempt  to  develop 
a  supply  in  tho  vicinity  was  being  considered. 

The  camp  of  the  Lake  View  ^finillg  Co., 
oymoi-s  of  the  only  producing  clahiis  of  tho 
district,  is  on  an  old  beiwh  of  Lake  Bonne¬ 
ville,  predecessor  of  tho  present  Great  Salt 
Lake,  which  forms  a  bench  on  tho  mountain 
side  and  affords  a  level  and  very  beau  I  if  ul 
camp  site. 

The  range  lies  within  the  area  eovererl  by 
the  Fortieth  Parallel  vSurvey  and  was  examined 
by  Hague,®  who  says : 


INTRODUCTIOK. 

Promontory  district  was  visited  by  the 
^icrsm  August,  1915.  Through  the  courtesy 
raanuger  of  the  Lake  View 
^  better  idea  of  tho  geology 

oossill  would  have  been  otherwise 

‘  1 0  111  tho  time  available.  Free  use  has 

tho  1  of  a  published  description  ‘  of 

^  yifiw  Mining  Co.'s  property  by  Mr. 
- - ^  of  other  data  furnished  by  him, 

'  ■'«ll  Uka  .Min.  Kw,,  vul.  17,  pp.  12-ir>,  1014. 


This  mneo  ex  toads  from  tho  northeni  limit  of  tho  map 
alxmt  '13  miles  to  the  soathwani,  forming  a  rocky  promon¬ 
tory,  which  diAridfis  tho  two  northern  armi  of  Salt  Lake, 
with  a  varjiog  width  from  d  to  7  vine's,  and  nHu  hing  in 
its  highest  point  3, GOO  feet  abok-o  tho  level  of  the  lako. 

I  North  of  the  railroad  tho  raoine  [North  Promontory  Range] 
is  comparatively  knv,  with  rounded  outlines,  the  greater 
pmt  of  its  surfaro  Ling  covered  with  loose  soil  and  graai, 
and  showing  but  few  nutrro|>a  The  ua(lerl>ing  fnrmiv- 
tioD,  however,  belongs  to  the  Wusati-h  limestone,  and  ia  evi¬ 
dently  a  rnntinualiun  to  the  northward  of  tlie  same  bi‘dH 
I  which  chanictori/o  the  more  importaut  {Kntiona  of  the 

*Bs,pic,  .trrwld,  stitl  Emmons,  a.  F.,  Dtsi-riptir*  ttsilogy:  I'.  8. 
OcoL  ExpL  'Wlh  Psr.  Rc'pt.,  vol.  2,  p.  4Zi,  ls~. 


500 


ORE  DEPOi^lTS  07  UTATl. 


range  projecting  into  iho  lake.  The  niilrnad  pasws 
through  a  low  deprosion  in  tire  range,  which,  on  the  sum¬ 
mit,  attains  an  altitude  '1,943  fee  t  abov'c  »ca  level,  or  or  er 
7C0  feet  above  tho  level  of  Salt  Ijike.  The  old  Pliocene 
bake,  at  its  higlu«t  elevation,  imtiuestioiiahly  orcupied 
this  pass,  isolating  the  main  portion  ot  the  Prunioiitorj 

Mountains.  *  *  •  All  along  the  east  anu  wwt  sides  of 

the  Proniortory  Mi.>untains  old  terraces  and  beach  lines 

may  bo  traced  with  moreorlriBsdiHtinrliKas,  indicated  b\ 
loose  deposits  of  sand  and  gravel,  nr  by  hcnclif'sciit  in  the 
hard  ina-ss  of  limestone.  Thu  der  ation  of  the  highest  ot 
these  lerr.ii:C8  is  approximately  ft-IO  b'ct  ahorse  tho  prci^Qt 
levcd  of  the  lake. 

GEOLOGY 

SKDIMEXTARV  ROCKS. 

No  rlctttilod  (Icscfiptioii  of  the  geology  of  tho 
range  has  ireen  published,  linguo'  snys; 

To  tho  south  .and  rvost  of  tho  railroad,  at  Promontory 
station,  the  range,  which  is  (juitn  narrow,  coiiKsts  of  a 
series  of  limeMtonos,  of  c,  prevailing  gray  color,  in  the  lower 
p;irl  of  which  are  d.ark  heavy  lieds  of  ii?arly  hlar  k  lime¬ 
stone,  all  dipping  ta  the  westward  at  an  angle  of  38°. 
Alioiit  ■!  milr-B  sonth  of  Promontory  station  tlio  range 
widens  rapidly  to  the  westni'nrd,  athrining  a  widtJi  of  0  to 
7  miles,  of  rvliich  tho  western  third  is  oT'cupicd  by  the 
same  series  of  ILmcstoni's,  which  here  nso  with  aa  cashrrly 
dip  and  overlie;  a  limited  outcrop  of  Arrhean  schi^s. 

These  Archoan  rocks  aro  exixjsiMi  on  tho  southwest 
corner  of  thid  prnjc<‘tion  of  tho  range  an<I  consist  of  quartz¬ 
ites  and  mica-b»!aring  schists,  closely  resirmbling  those 
described  in  tho  An-bean  txxlha  of  the  Walis.ntch.  The 
main  crest  to  tho  cast  of  this  westen;  iirojectlon  is  occupied 
by  couionnablc  strata,  dipping,  as  already  mentioned, 
about  3S°  TV.  They  aro  mucli  contorted,  and  show  more 
or  lo(w  faulting,  no  that  their  thickntsscao  not  lio accurately 
determined.  It  is.  however,  not  less  than  3,800  feet. 
About  the  middlo  of  tlio  aorit-s  there  is  an  included  zone 
of  yollcwi.sl-i-l)iT»wn  sandstone,  more  or  b.'sa  calcareous, 
within  wliich  aro  acvcml  beds  of  gray  limeslono  Its 
lower  portion  is  sharply  doliiied  from  tho  underlying  Linie- 
HtonoB,  but  .800  feet  altoVo,  whore  it  pns$e.s  again  into  the 
limestones,  it  slmdes  off  gradually  through  shaly  beds. 
The  general  strike  of  thi.s  portion  of  tlie  range  is  N.  28°  E. 

Along  the  extromo  eastern  foothills,  on  tho  edge  of  the 
lower  Quaternary  plain,  whic  h  borders  tJw  hikeahoro,  are 
outcrops  of  easterly  dipping  Ws,  which  evidently  show  a 
portion  of  the  eastern  half  of  an  anticlinal  told,  of  which  the 
tnair.  mass  just  spoken  of  is  Iho  western  member.  Tliis 
anticlinal  fold  appean  very  distinctly  in  tho  group  of  hiUs 
about  S  miles  south  of  Promontory  staUon.  oi  which 
Pemala  Peak  is  tlm  rnlminatrhg  i>oict.  Here  a  disticct 
northern  axis  ruts  tho  range,  nml  south  of  that  point  the 
reeks  dip  to  tlw  eastward.  Through  tho  pass,  alxiut  ]J 
miles  north  of  BoD.id.a  Peak,  passes  n  syncbnal  axis  quite 
parallel  to  the  anticlinal,  which  lies  1  or  It  miles  to  the 
west  of  it.  ITere  tho  easterly  dipping  members  of  the 
Western  anticlin.al  and  the  westerly  dippiug  p.irla  of  Iho 
eastern  or  swxind  aniiclin.sl  meet.  The  second  anticlinal 
pa»e»  through  Benada  P<«k  itself  and.  aa  has  been  stiid, 

>  Op.  olt.,  p. 


to  the  south  of  th.at  point,  for  alKuit  12  miles  dost!  th« 
range,  the  grrater  psut  oi  tho  limestonea  dip  uniformly  tn 
the  east  at  aughw  varying  from  2C°  to  •10°.  At  Flat  Rock 
Poinl.  on  the  west  aide  of  tho  r.ange,  aro  found  portionaof 
the  western  membem  of  this  aulirlinal  fold,  dippinj.  at, 
gentle  angle  into  (ho  lake;,  and  coitsisting,  for  the  mwl 
part,  of  pray  and  <lral>  limoslcnw,  among  which  arc 
iDtcrralatwi  ban<}i  of  yellowmh-b.rown  ssindstone,  similar 
to  that  described  in  the  wiwterly  dipping  mass  south  of 
Proriiontor>' stat  inn. 

From  tho  westerly  <lipping  lime-stones,  about  5  miles 
south  of  Proinonlwy  station,  near  Antolopo  Springa,  were 
obtained  tho  fc.llo'ving  fossils:  J'rndiirlHa  praUfytianii, 
Spn-ifir  opimw,  Athi/I-U  sublilita,  [c.nd]  SlrcpUjrh'ivdrn 
(fragments);  while  tho  liincatoiif-s  farther  south  afior.I.'d 
Zaphrcnii*  glanhbmyi  [and]  I’rwlurius 
Thcao  fowils  arc  all  clearly  of  Carlioniforoiis  :^o,  though  of 
themselves  not  distinelly  characteriatic,  cither  oi  the 
Upper  or  Lower  Coal  Measures  limestones.  Tho  thicknoH 
of  tho  series  nnd  its  relation  to  the  underlying  Archiwta. 
howo^■cr,  as  well  as  its  gencrnl  lithological  character,  .ill 
servo  to  ally  it  rather  to  the  latter  division. 

Ahont  l-t  miles  soul  h  of  Benada  Peak  the  Carbon iferouii 
limestones  are  found  to  abut  ntwonfonnably  npon  a  scries 
oi  ikrehean  schists,  which  ocenpy  tho  wholo  lower  7  or  8 
miles  of  tho  range,  with  astrifco  K.  30°  to  35°  tV,  and  a  dip 
(o  the  northeast.  The  Archesm  strata  cocsist  liugely  of 
siliceous  schisla  and  imperfoctly  bedded  hornblendic  and 
micaceous  gneisses,  logother  with  thick  bcils  of  quortzi'xi 
and  more  or  loss  interspersed  argilinceo'.ia  arliists.  Jurt 
west  of  tlio  eoutherumcat  extremity  of  tho  range,  the 
Archoan  rocks  como  nearly  down  to  the  water’s  edge, 
presenting  acliff,  eomo  .50  ieolinheight ,  of  dark  argillacfCHij 
schist,  which  has  appoiuntly  a  dip  of  25°  W. 

Hague’s  stateineub  that  Archeaa  rocks  form 
the  southern  eml  of  tho  promontory  was  appar¬ 
ently  based  on  an  examination  along  the  west¬ 
ern  base,  for  limestone  makes  up  an  important 
part  of  the  central  and  eastern  part  of  the 
range. 

Only  the  rocks  forming  the  central  portion 
of  the  series  exjtosod  were  examined  by  the 
waiters.  The  basal  formation  of  the  range  is 
.iVrchean  sch.isLs,  This  is  overlain  by  a  great 
series  of  quartzite  whose  thickness  has  not  been 
determined  but  is  several  thousand  feet  at 
least.  This  series  is  believed  to  be  equivalent 
to  the  Cambrian  and  Algonkian  quartzites  end 
shales,  which  in  (he  Wiisatch  Range  are  van- 
able  in  thicknes.s  but  in  Big  Cottonwood  Can¬ 
yon  excee{l  10,000  feet.  Overly'mg  the  quttft*- 
ite  is  700  to  800  feet  of  shales,  impure  lime¬ 
stones,  and  sandstones,  with  some  beds  o 
rather  pure  limestone  toward  the  top.  Over- 
lying  this  series  are  several  thousand  feet  o 
heavy  beddcsl  limestones  which  were  not  ex 
amiued. 
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fossils  c'ollectetl  from  the  shale  series  orer- 
lvui|^  the  quartzite  and  from  the  shulo  above 
(Jic  “middle  bed”  were  eNamined  by  Edwin 
Kirk,  of  (he  United  Slates  Geological  Survey, 

who  reports; 

The  testf’is  are  not  iu  a  \'cry  eatieluetory  «Uite  of  presor- 
vition  but  approximate  cletenniDatioDa  nre  possiblo.  All 
iho  evidenre  points  to  their  lower  Middio  rumbrian  age. 

Lot  1. — -Shaio  above  lowci'  "big"  quartzite  100  to  dOO 
r«*t  above  quirrtzite,  about  one-fourth  of  a  mile  nurih  of 
Laka  View  carupt  I't'jd'.npana  sp.,  Batbjiufitms  *p. 

£n( South  of  bake  View  ramp  in  ehalo  afiove  ore 
liinestone:  Ui^oniiira  {{/jhiJeUa)  pomiuU  (White). 

Lots— In  ¥h.ale  above  (?)  ore  bedding,  rollfotc«i  by 
S,  S.  .Irontii;  ZacaxthiAdcs  h\'i. 

— Float  from  shaio  above  qaertaitoi  Xcolmus  of. 
tuperbut  Walcott,  liathfurhcus  cf.  B.  pnidvrtuf  Hall  and 
fthilfield. 

LUX. — Sbalo  alx)ve  “ore  limestone”  zoiitli  of  lake 
View  camp;  Pli/chop'rria  sy>.,  algae. 

Lithologicidly  ftnd  paleontologically  theshnles 
and  limestones  between  the  quartzite  rind  the 
upper  limesfone  series  rather  closely  resemble 
(ho  shides  and  limestones  at  a  similar  horizon 
in  the  Wasatch,  OquiiTh,  Tintic,  and  other 
ranges,  (hough  both  the  shales  and  limestones 
in  the  Promontory  Range  show  a.  greater  de¬ 
velopment.  than  those  in  the  ranges  named. 
Tne  limestone  is,  however,  even  more  strongh- 
developed  at  (his  horizon  in  northeastern  Utah. 
Tho  tipper  part,  of  the  quartzite  series  is  doubt¬ 
less  of  Cambrian  age,  and  the  lower  part  ma}' 
bo  .\lgonkian,  (hough  tliis  has  not  been  deter¬ 
mined.  Tho  limestono-shiJe  series  overlying 
iho  quartzite  is  determined  by  (he  paleonto- 
logic  evidence  to  be  Cambrian,  and  that  of  the 
ujipcr  limestone  jirobably  rangis  from  Cam¬ 
brian  to  Carboniferous. 

KIXEOUS  ROCKS. 

No  Igneous  rocks  were  observed  in  the  vi¬ 
cinity  of  the  mineralized  area.  Mr.  Areutz 
states  that  a  dike  4  feet  in  width  ami  traceable 
for  about  150  feet  cuts  the  heavy-bedded  lime¬ 
stones  east  of  the  Luke  View  jiroporty.  In  (he 
hand  specimen  thi.s  is  a  dark-green  rock  np- 
pio’ently  ha\dug  the  composition  of  a  rather 
liasic  diorite,  or  possibly  diabase.  Similar 
tocks  are  said  to  cut  the  quartzite  west  of  (be 
Lake  View  property. 

structure. 

”^0  general  structure  of  the  range  at  the 
southern  end  is  monoclinal.  The  beds  strike 
about  N.  40“  W.  ami  dip  30°-40°  NE.  This 


ajiparent  monocline  may  be  the  eastern  limb  of 
an  anliehue  whose  western  jiortion  ha-s  been 
vemoYod  by  erosion,  as  iudieuted  by  Hague’s 
description  of  (ho  range  farther  to  the  north 
and  b}’  a  small  outcrop  of  west-dipping  .sedi¬ 
ments  near  the  south  end  of  iho  jironiontory, 
Mbor  faulting  I  rending  north  and  also  east  has 
an  ob.ser%Td  displacement  of  only  a  few  feet. 
A  strong  east-west  break,  6  to  7  miles  north  of 
(he  south  end  of  the  range,  along  which  the 
i‘oek.s  to  (he  south  have  been  relativelv  «le- 
pre.ssod,  was  observed  at  a  distance,  and  no 
details  roiieeruing  it  are  knovni.  Pissurcs 
striking  about  north  and  dipping  sloejily  west 
are  rather  abundant  througiiout  (ho  area  that 
h:rs  been  prospectoil. 

ORE  DEPOSITS. 

Beloix)  191{)  prcispeeting  had  been  largely 
conliniMl  to  two  localities,  both  of  which  are 
near  the  southern  uiul  western  side  of  the 
promontory.  The  activity  is  largely  confined 
to  the  zinc-lead  dejiosits. 

ZIXC-UEAU  DEPOSITS. 

Mr.  -Vi'cntz,’  manager,  reports  to  tho  Lake 
View  Mining  Co.  on  the  zinc-lead  deposits  as 
follows : 

For  aevonU  yvun  provioiM  to  1915  a  celerio  of  Ogiton  men, 
hea<!ed  by  Mr.  JaEM>8Wortborspoon,  Lorenzo  Furr,  John  Farr, 
anil  Mr.  Carlson,  hsUl  two  group#  of  plaror  clainat  covcriai} 
a  bod  of  uurbleizud  limestono,  and  alro  a  largo  porUon  of 
wlint  is  iicnv  tbo  Ijikeidevr  Mining  Ck».’«  properly.  This 
placfv  properly  was  bold  by  location  over  a  period  o(  some 
Gve  >'eara;  the  arnountof  work  done  was  almost  negligiblo. 
Deconiber,  1914,  aov'eral  men,  hisidcd  by  1.  F.  Farr,  were 
employed  to  work  on  this  placvr  properly  ou  ihii  marbto 
outcrop,  about  I  aiile  north  of  the  Judge  Heodenon  wheat 
field.  During  coons  and  Sundays  the  workmen  walked 
up  the  wash  to  the  limestooe  beds  outcropping  above. 
Boulders  of  lead -zinc  rurlionato  wore  ilLscovered  in  tho 
taliw  Hod  traced  to  Iho  outcrop  of  ore  in  place  found  at  tho 
top  of  the  100-fcol  IhhI  of  linie«(ono  forming  the  ao-callixi 
middle  bed  in  conUict  with  shale.  Four  loraUons  woro 
then  made.  ►  .After  an  examiaatlon  mode  in 

Fobruory  of  this  year  [1915]  by  Sami.-el  8.  .Arcnl*.  of  Salt  . 
Lake,  a  fifth  inwoat  wivs  negotiated  for  and  obtained  on 
March  9.  Mr.  AnmU  began  operations  aa  ouo-liiTb  owner, 
and  undorcontrai.'t  to  manage  tho  mine  hr  ono  year. 

The  I.akevicw  Mining  Co.  was  then  incorporated  for 
500, (XX)  shares,  par  xnluo  6  cents.  *  •  * 

Your  company  lias  sold  no  stock;  lieg.on  oporat  ions  with¬ 
out  money  in  the  treasury,  all  expenditures  mailo  l.y  tho 
original  owners  has  been  rolurnod  to  them,  and  from  Ibo 
Iflt  of  .May,  I'**  than  60  da.r-s  after  beginning  of  operations, 
it  has  been  solf-supporling. 


■  sail !.«'«  Min.  RvW.,  toL  U,  p.  12. 
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Th>.>  nut  wui^bt  of  oro  shipped  to  .August  1,  lO-O.  waa 
l,OGI.y(JO  pounds  averaging— 


. .  ^'7 

Iron .  1 

Silver . 02 

Gold .  'T^aue. 

Zinc .  32. 7 j 

Sulphur . 2 

Moufluro .  19 

lustiluble .  1*‘0 


Gross  rutiims  for  21  cars,  030.75.  The  ccinpany  re- 
porla  llip  paying  of  dividiinds  to  August  1  of  $8,110.75  and 
net  hulant  e  of  $7,180.11. 

ProsfK-ctirig  of  zinc  and  lend  deposits  at  the 
time  of  visit  had  been  confined  almost  entirel3' 
to  the  “middle"  limestone  bed,  wliicli  is  50 
to  75  feet  in  thickness  and  lies  between  mcm- 
beis  composed  prevailingly  of  shale.  Tho  ores 
replime  this  limestone  where  it  is  in  close 
association  with  north-south  fissures.  The 
largest  deposits  thus  far  developed  are  just 
boncath  the  overlying  shale,  but  important  min¬ 
eralization  occurs  at  lower  horizons  in  the  ore- 
bearing  limestone,  The  ores  are  entirely  oxi¬ 
dized,  consisting  of  zinc  and  lead  carbonate,  n 
litllo  hydrous  iron  oxide,  and  manganese  o.xide. 
The  gangue  consists  mainly  of  imreplaced  lime¬ 
stone  Milh  some  quartz. 

Observations  were  confined  to  very  sliallow 
developments  and  it  is  not  possible  to  gener¬ 
alize  as  to  the  relations  of  the  ores.  The  car¬ 
bonate  ores,  however,  were  undoubtedly  dc- 
riveil  from  the  alteration  of  sulphides,  though 
no  sulpliide  was  observed. 

In  tlio  o.xidatioii  of  mi.xed  load-zinc  sulphides 
in  limestone  the  lead  ores  generally'  remain  es¬ 
sentially  in  tlio  position  of  tho  original  sul¬ 
phides,  and  tho  zinc  ores  form  at  lower  levels,' 
the  zinc  sulphate  produced  by  the  oxidation  of 
tho  sulphides  having  passed  into  tho  underly¬ 
ing  limestone  and  reacted  with  it  to  form  zinc 
carbonate.  In  the  Promontory  district,  how¬ 
ever,  zinc  seems  to  bo  far  inoro  abundant  than 
lead,  fuid  it  is  possible  that  this  was  the  case 
in  the  sulphide  bodies.  In  some  places  the  zbxc 
ores  lie  beneath  tlio  load  ores,  as  they  do  in 
other  districts,  but  in  other  places  this  relation 
does  not  appear  to  obtain.  Mr.  Arentz  ’  has 
pointed  out,  for  instauco,  that  in  passing  from 

'  D-Jllcr,  O.  M,,  Sflnio  nxtnt  dovolopmcnta  at.  I^dvClo:  tfco  oxidbfd 
lino  cresi:  Econ.  Goologi-,  vol.  S,  p.  1, 1913.  Knopl,  .Adolph,  ?dinor»l 
rosourfcs  oj  lha  Inyo  and  Whilo  mountains,  Cal.:  V.  S.  Cool.  Sun-oj- 
null.  510,  p.  81,  1914.  Loughlin,  0.  F,,  Tho  o.xiiUzed  Unc  or08  of  iho 
Thill.;  dlilrlcl,  Utah;  Econ.  Geobsy,  vol.  4,  pp.  1-19,  i9n. 

1  Sail  Lako  Uin.  Uov.,  vol.  17,  p.  13, 1915. 


the  crest  of  the  spurs  toward  the  canyon  bot¬ 
toms  the  zinc  shows  juogrcssive  decroa^o  and 
the  lead  eorresponding  ineroiwe.  Determina¬ 
tion  of  the  general  relafiona  must  therefore 
await  further  dovelopnicnts. 

Prospecting  has  been  carried  on  along  the 
outcrop  of  the  “middle  bed”  for  about  4,500 
feet.  Numerous  openings  show  bodies  of  ore, 
from  which  considerable  oro  has  been  extracted. 

COPPER  DEPOSITS-^" 

Copper  deposits  in  the  quartzite  scries  on  tho 
we.stcrn  side  of  tho  promontory  about  1  i  miles 
northwest  of  Saline  have  been  prospected  for 
several  years.  In  1907  14  tons  of  hand-sorted 
ore  averaging  3.S5  per  cent  copper  and  1  ounce 
of  silver  per  ton  were  shipped. 

The  deposits  outcrop  on  the  crest  of  a  ridge 
near  tho  shore  of  tho  lake.  Tho  beds  strike 
N.  45'’-50°  E.  and  dip  16®-20°  SE.  The  pri- 
marj’  deposits  consisted  of  disseminated  chml- 
copyrito  and  possibly'  bornitc,  which,  nt  the 
surface,  have  been  altered  to  carbonates. 

The  development  consists  of  two  shafts  about 
200  yards  apart,  sunk  from  the  crest  of  the 
ridge  to  depths  of  abont  50  and  120  foot.  At 
a  lower  horizon  an  incline  sh.nft  has  been  sunk 
on  a  westerly  pitch  nearly  at  right  angles  to 
tho  dip  of  the  beds  to  a  depth  of  SO  feet,  and 
from  the  vicinity  of  tho  sarao  point  a  tunnel 
has  been  driven  eastward  for  about  100  feet. 
From  a  ]>oint  about  200  feet  lower,  near  the 
shore  of  Great  Salt  Lake,  another  tunnel  hss 
been  driven  eastward  for  452  feet  to  iiitcreect 
tho  downwaixl  extension  of  the  ledge  outcrop¬ 
ping  on  the  ridge. 

Some  minemlizeil  rock  was  obsciwed  in  tho 
■prospect  openings,  and  it  is  said  that  richer 
deposits  were  found  at  points  not  accessible  at 
the  time  of  visit.  The  oro  shipped  was  obtained 
from  sui’f&cc  blocks  of  mineralized  quartzite  15 
feet  to  50  feet  in  thicloiess. 

FREMONT  ISLAND  DISTRICT. 

By  V.  C.  Ubises. 

The  Fremont  Island  district,  organized  Au¬ 
gust  3,  1871,  is  in  Weber  County  and  includes 
the  whole  of  F reraout  Island  in  Great  Salt  Lake. 
Small  veins  carrying  gold,  silver,  copper,  and 
lead  occur  and  were  fimt  developed  by  tho  Utah 


*D:wo<J  on  olL^crvi^Uoxu  by  Mr.  V,  C.  Hoiko'  aud  lofcirni^tion 
nhhodby  Mr.  C,  A.  RcdOeld^of  Ogdon,  Utah. 


g.  S.  OBOLOOIC*^ 


SURVEY 


i^pii 


P^^0V£3310XAI.  paper  111  i 


<4^1*-.  —  -  — _ _  _  _ 

ry,  :  Cw  S>X* 

1  ■•  •'  <%.  OCfi  UtflH 

&H1  .  -s  •  TV  ■  rz.^ 

], 

S  1 

V>  ( 

»  o' 

Shaun  tie'® 

•4-  MILta 


CEOLOfJIC  MAP  AND  SECTIONS  OF  THE  MINING  DISTRICTS  OF  THE  SAN  FRANCISCO  IIKC.ION. 


PROFESSIOJfAl.  r^J-EB  111  ««  tt 


**S**"lamejUne 


Rd  wTngrwriutone 


Oliryiiw  « 

IQHEOtiS  ROOO 


iii. 

Quirix 


4.  MlLC^ 


503 


SAX  FRAX(;iSCO  AXI)  AD.TA(;F4XT  DlSTFilCTS. 


&  Nt’bniska  Mining  Co.,  33  clniins  huving  been  1 
lociitcd  by  1S73,  but  none  was  over  palonted. 
There  is  said  to  bo  on  the  island  a  great  abun- 
diince  of  slate,  some  of  which  is  suitable  for 
roofing.  ' 

SAS  FRANCISCO  AND  ADJACENT  DISTRICT.S.' 

By  B.  S.  Butler. 

LOCATION. 

TboSan  Francisco,  Preuss,  Star,  North  Star, 
Bwtver  Lake,  and  Rocky  districts,  hero  dis¬ 
cussed  together  Wcauso  of  thoir  geologic  rcla- 
tious,  lie  adjacent  to  each  other  in  tho  north- 
central  part  of  Boavor  County,  Utah,  about  ISO 
niilca  a  little  west  of  south  of  Salt  Lake  City, 
(See  PI.  XL.)  Milford,  a  few  miles  east  of 
the  district,  on  the  Los  iVngeles  &  Salt  Lake 
Railroad,  is  tho  railroad  center  of  tho  region. 

A  branch  of  tho  stime  railroad  extends  to  Fri.sco 
and  Newhouse  and  serves  the  Pforn  Silver, 
Cactus,  and  other  mines. 

The  San  Franc;.sco  and  Preuss  districts  are  in 
tho  San  Fi'ancisco  Range,  the  Beaver  Lake  and 
Rocky  districts  in  tho  Beaver  Lake  and  Rocky 
rtiigns,  and  tho  Star  districts  in  the  Star  Range. 

HISTORY  AND  PRODUCTION. 

By  V.  G.  IlKiREa. 

Tlio  prosporou.s  ycais  of  Beaver  County  began 
m  1872,  when  Shauntie,  Shouaudouh  City,  lilo- 
plmut  City,  and  SoutR  Camp  wore  tlu-iviug. 
.Most  of  tho  ore  produced  was  treated  at  tl\e 
Shauntio  smelter,  consisting  of  two  small  stacks 

I  ^unmsaizM  from  Cutlor,  R.  S.,  Cfeologj’  and  ore  dep::sit;i  of  Ums  i 
FrwdsTOind  (vdjnccnt  distrlcLs,  Ufiih:  U.  S.  Gcol.  Suncy  Prot  Kkper 
H  ftom  which  dos'.Tii>tion5  of  tho  mlncti  or  ful!«)r  details  of  tht  | 
nur  be  oljuinod . 


orectecl^  in  (he  summer  of  1873  (dosed  1877). 
In  1875  the  Troy  fm-nace  (which  nm  for  only  a 
I  few  niontlis)  was  erected  5  miles  south  of  Mil- 
I  ford  to  treat  Marninotli  ores.  The  oldest  pro¬ 
ducing  mine,  said  by  tho  Mormons  to  bo  tho 
ohle.st  mine  in  Utah,  is  tho  Rollins  property  in 
the  Lineohi  district;  it  was  worked  between 
I860  and  1S63  and  mjulc  a  few  tons  of  load  in  a 
primitive  way.  A  15-ton  furnace  wa.s  built  in 
tho  fall  of  1875  and  was  operated  for  two  A’^cuis.* 
.‘Vnothcr  authority  ’  states  that  in  tho  fifties 
(1854)  a  Mormon  iiameil  Isaac  Grund)'  erected 
tho  fu'.st  furnace  on  tho  Pacific  coast  near  the 
Rollins  mine  and  molted  the  lead  ore  from  this 
pro()orty,  producing  bullion  which  was  hauled 
to  Salt  Lake  and  made  into  bullets.  Tho  Horn 
Silver  mine,  on  a  deposit  which  was  discovered 
September  24,  1875,  made  steady  shipments  of 
ore  until  furnaces  wore  erected  in  1876,  and 
from  1880  to  1884  was  one  of  tho  large's!  pro¬ 
ducers  of  lead-silver  ore  in  the  State. 

SAX  PR.LXC1SCO  msTRlCT. 

Tl)o  San  Francisco  district  is  about  7  miles 
square  and  lies  upon  both  flanks  of  the  San 
I  Frunci.sco  Mountains.  It  was  organized  August 
12,  1871,  aud  was  of  little  importance  until 
1876,  a  year  after  the  discovery  of  the  Horn 
Silver  mine.  FrLsox)  i.s  tho  town  and  post  office. 
(See  PI.  XLI,  A.) 

Tho  early  history  of  the  mines  has  been  re¬ 
viewed  by  Butler,  who  prepared  the  output 
figures  in  the  subjoined  table  from  the  records 
of  tho  United  States  Geological  Survey, 

>  Tenth  t'ensus  C,  S,,  vtS.  13, pp.  ITT-iTS,  IKC. 

•  Eisslpr,  M.,  The  melalluriU-  of  tnwntlhrai::^  Krul,  preface,  IS31. 


-I/t'Ja  3  produced  ta  Ihe  Sun  Prii7iti»ro  and  Preuss  ditiricis,  Utah,  to  the  close  of  lOil. 


Year. 

Oto  (tons). 

Golil  (6ne 
ounces). 

Rilv*T(fiar 

otutces). 

11 

'51 

L^od 

(pounds). 

Rocover- 
nblo  zinc 
(pound.-!). 

ToUl  value. 

■*70-1901 . 

3,  545. 00 
^02  73 

13,718,280 

4,327,017 
717,3.VJ 
432, 409 
1,588,287 
3, 427,918 

5, 108, 1'27 

4,  026, 736 
.5,609,611 

1,  114,0S> 

200, 040, 964 

.?20, 142,  479 

IWJ....  . 

HiHrttKv 

293, 6!)0 

ixe .  . 

17, 3*17 

1  "  Q 1  ■> 

807^  86 

AJ 

9(ji027 

110  Fi-n 

5,  .505, 604 
7. 432. 8.55 

. 

347, 988 

1901....  . 

417,  002 

l»s...  . 

1  Ain  AA 

lar'  4t'2 

III 

894, 0S3 

19)6. . .  . 

O't/l 

0  (j(}7  (J7 

289;  IG5 
“57(1  370 

1,553,814 

1907 .  . 

933, 136 

1,413,460 

1K«...  . 

dt  f  Oe/~i,  t  tj 

2, 032.  10 

AJ7  9  A 

loe;  877 
074 

1909...  . 

6.5C,  457 

452,  476 

1019...  . 

249;  156 

'984;  310 
3.646,016 
2,216, 191 

2  1)44,  166 

451,879 

1911...  . 

64, 927 

681,  -130 

1912...  . 

7R0 

4,7.Tj,7l2 

6,561,691 

1913....  . 

AOil,  *1^1) 

1«7  ‘>97 

1, 033. 559 

19U..  . 

I'll/,  ‘IlW 

l.V'1 

i;  435;  843 
221,798 
1,736,515 
2, 141,315 

5, 494,252 

7, 143,  746 

866, 607 

1015. .  . 

1918.. . . 

1917..  . 

453.  90 
1,2G4.  72 

171,049 
303, 867 
217  110 

6, 134,931 
4. 101,  G4S 
3,56-1,395 

2. 824, 183 
3,450,671 
3,  .538, 898 

■2,  221),  486 

21,  822.  OS 

16,639,054 

41,307,719 

361,070,295 

28.  264,  277 

33,917,814 
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The  Horn  Silver  jninc  (sec  PI.  XLI]  wus 
discovered  in  1S75  and  lor  about  10  years  wus 
one  of  the  most  productive  mines  of  tho  State. 
After  1SS.5  its  production  greatly  decreased, 
but  it  has  been  in  almost  continuous  operation 
to  the  present  time.  To  the  close  of  191.3  it 
had  yielded  metals  of  a  total  value  of  $20,- 
768,471  and  had  paid  in  dividends  86,892,000. 

The  llcavcr  Carbonate  mine  was  discovered 
in  the  fall  of  1878  and  the  following  year  was 
purchased  by  the  Frisco  Mining  &  Smelting 
Co.  for  .>1.50,000.  It  was  an  active  producer 
for  nearly  seven  years  but  was  elo.setl  about 
188.5  and  remained  ullo  till  190.8,  when  con- 
sidorai)lc  development  work  was  dons  but 
little  metal  produced.  Its  total  metal  output 
i.s  ostimatctl  at  2,59.3  ton.s  of  lead  and  533,910 
ounces  of  .silver,  with  a  total  value  of  about 
8808,000. 

Other  mines  in  tho  district  have  mado  small 
profluction. 

F)(EUS.S  DISTRICT. 

The  Preuss  mining  district,  in  Beaver  Count}', 
is  an  old  district  that  was  reorganized  Septem¬ 
ber  4,  1880.  Ill  that  year  it  contained  25 
recorded  claims.  Tho  Cactus  mine  '  has  been 
the  principal  producer,  yielding  low-grade 
copper  ore  for  concentration.  A  50-ton  con¬ 
centrator  using  jigs  was  erected  in  the  bed  of 
Copper  Gulch  in  the  spring  of  1883.  In  1SS9 
the  Comet  copper  smelter  was  operated  for 
about  30  days.  In  October,  1896,  the  Cactus 
Co.  started  the  construction  of  a  200-lori  con¬ 
centrator.  In  1900  the  propertj'  was  acquired 
by  tho  Newhouso  Mines  &  Smelters  Co.,  later 
reorganized  as  the  South  Utah  Mine.s  & 
Smoltei’s,  which  constructed  a  concentration 
mill  and  later  on  enlarged  its  capacity  to  800 
tons  daily  capacity.  Production  began  in 
March,  190.5,  and  to  the  close  of  1913  thomine 
had  yielded  24,155,073  pounds  of  copper, 
9,535.37  ounces  of  gold,  and  216,943  ounces  of 
silver.  The  production  by  j-enrs  of  this  prop- 

>Doy.Tn)«d  in  U.  3,  Otol.  Sun-oy  Boil,  xe,  |»p.  2iJ-24S,  luoc;  «)jo 
Frof.  I-»per*0,  pp.  174-17S,  DIJ. 


erfy  1ms  been  iiiclmlcil  in  the  output  of  (hp. 
San  Francisco  district. 

.STAR  DISTRICT. 

Tilo  Star  ilistrict  is  5  to  10  miles  southwest 
of  Milford,  n  station  on  the  Los  Angelos  &  Salt 
Lake  Railroad.  Ils  organization  and  carlv 
history  are  fully  icviewed  hj'  Huntley  =  as 
follows: 

The  orisinal  Slar  di.strio*,  12  uhloa  square,  situated  on 
(lie  I'icaolio  Riinye,  .a  few  miles  soutIisi'f.st  of  .Vliiiord,  was 
organized  July  8,  1870.  On  5'ovemlier  11,  1371,  thenortli- 
ern  poviion  w-ui  reorganized  as  North  .Star  district,  and  tIic 
two  dislricts,  called  re.spectively  North  Star  and  Sotidj 
Star.  «  “  *  In  the  South  Star  tho  books  showed  l,CIti 
and  in  the  North  Star  581  location.^,  bat.  probably  not  over 
3.50  were  owned  in  1880.  *  «*  *  q'jiu  prospentiai  daj-* 
of  the  district  were  in  1872,  1.873,  ISTJ,  and  1875.  Then 
there  were  tlie  thriving  mining  camps  of  Sliauntio,  Rhcnan- 
doali  City,  Elephant  City,  and  Kotith  Camp.  *  8  • 
Mrjot  of  the  oro  produced  was  treated  at  tho  Sliatintie 
smelter.  Two  small  stacks  were  built  at  Hie  icwn  e( 
Shaunlic  in  the  summer  of  1873.  In  (lie  following  spring 
these  were  torn  down,  and  one  stack  of  20  tons’  cstpacily 
Wits  btiilt.  This  was  buined  in  June,  1375,  was  rebuilt 
in  the  following  nnlnnin,  and  was  shut  down  in  thesumnifr 
of  ZS77.  *  *  About  12,000  tons  eif  ore  wero  worktii, 

which  produced  about  3,000  tons  of  imllinu,  containing 
?325,000  in  silver  and  §10,000  in  gold. 

The  Troy  furnace,  erected  in  1875  on  the  Beaver  River 
bottoms,  5  mi  let*  south  of  Milford,  to  smelt  Manrmoth  mine 
ore,  ran  but  a  few  tnontha. 

The  I,aley  &  Williams  smelter  ia  a  single-stack  custom 
smelter,  and  waa  erected  at  Milford,  cast  of  the  districts, 
in  the  .autumn  of  187G. 

The  Milford  iO-stanip  mill,  built  in  the  town  of  Milford, 
was  erected  in  tho  ball  bf  1873,  at  a  cost  of  §4.5,000,  by 
*  *  *  tho  Harrington  &  Hickory  Consolidated  Mining 
Co.,  to  work  tho  ores  of  the  old  Hickory  mine,  which  had 
been  sold  to  it  for  about  §100,000.  TTie  mill  rau  a  few 
months  on  about  3.5-ounco  oro  in  the  ■winter  of  1873-71, 
and  produced  from  §0,000  to  .§12, COO  in  base  bullion. 

An  estimate  of  the  early  producl.ion,  made  by 
Butler,^  covers  the  period  1S70-19I2.  Since 
1880  there  has  beeu  ver}'  little  activity  in  the 
Star  district  and  the  metal  output  was  not 
important.  The  statistics  of  the  production 
for  1904  to  1913,  inclusive,  are  taken  from  the 
records  of  tho  United  States  Geological  Survey. 

•  Op.  Clt.,  p.  1  IS. 

•  rr«cloo»  neciho  Tenth  Censut  U.  S.,  vol.  13,  pj:.  4.1-174,  13m. 
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igro-isos. 

IflW . 

ino.^ . 

l!)0lj . 

l!)07 . 

lOOS . 

1909  . 

1910  . 

1911  . 

1912  . 

191 J . 

1914 . 

1415 . 

I9W . 

1917 . 


750. 00 
30.2.8 
247. 00 
00.50 
73.  Oj 
71.  10 
39  28 
6iS4 
6.8.79 
6.160 
34.81 
284.  79 
33.73 
123.  84 
710,  51 


Silver 

(fine 

oimi'es). 


500.000 
10,310 
43,  500 
31, 603 
49,  179' 
4I.S.'>0 
67,0118 
88, 628 
51,809 
51.355 
153,774 
131,426 
103,542 
49, 188 
M,68S  ! 


('■oppvr 

(poiintlsl. 


02,500 
128,000 
67,994 
176,.«J8 
94,  276 
129,449 
141,533 
811,  290 
67. 375 
124,4.57 
53,286 
21, 374 
15:1,696 
175, 170 


2,651.37  1, 300, 050 


1.487,805 


Lead 

(pounds). 


1!  000.  ono 
9.1,000 
733,  Mil 
566,  iOO 
697,282 

1,  144,  329 

2,  198,  .|S-( 
2.:IOO,I02 
2,051,357 

2.916.957 
.1,875  524 
3, 8-10,  964 
2, 452,716 
1,717,284 

1. 703. 957 


Rooovcm- 
Wo  itinr 
(!*oiind«I. 


Total 

vnlii^. 


2, 391 

ioij.ooii 

H902 


61,354 


2,820 

25,262 


165,  628 
467,  731 
•^8.8, 106 


37, 130, 395 


north  star  district. 

TIio  North  Star  district,  in  Beuver  Count}’, 
org.\ni2cd  Novomber  II,  1871,  is  reviewed  with 
i-heStur  district  and  its  production  is  included 
in  the  table  of  Beaver  County. 

BRAVER  LAKE  DISTRICT. 

The  Beaver  Lake  district  is  12  niile.s  west  of 
SiuytLs  siding  on  the  Los  Angeles  &  Salt  Lake 
Railroad.  The  early  operations  in  the  district 
are  recorded  by  Huntley,'  as  follow.s: 

Beaver  Lake  diatrirt  is  situated  noriL  of  the  Star 
a-nd  districis  and  was  or{,-anized  in  Aupust,  1871, 

upon  ’Jjc  dwcover>'  of  a  belt  of  copper  veins  from  an  inch 
«2  .eel in  width.  Some  work  waa  done  in  1872  and  1S73, 
»«1  a  few  Iona  of  ore  were  shipped,  assa>Ti^  30  per  cent 
•^PPer.  16  ounces  silver,  and  512  gold.  *  *  •  In 
^tt^cr,  1872,  le:wl  and  silver  ores  were  discovered. 
tin*(vin  *  Fniiicuico,  which  wa.s  sold  for 

HM I  V  88,000  worth  of  high-inade  silver-load 

<TC  has  been  oximeted  from  a  1  iti.foot  shaft.  It  h.ia  been 
15exterand  .Mountain  King  are  iron 
and  shipped  100  tons  of  Ilux  each  between  I,S7.1  and 


1.474, 705 


ifio.ooo 

Jf,580 
86. 0.8.8 
69, 267 
•fi7, 258 
60,683 
147,  OCj 
I7I.4!)1 
131,979 
iP.«4 
^,828 
236,115 
1.02,749 
253, 003 
323, 380 


1.  3-13.  8-10 


b*'/7.  A  .small  vein  conUining  graphite  (or  molybdonito) 
waa  also  di^vered.  •  •  The  Riverside  smelter 
»aa  er.M.iod  in  1373  at  a  point  7  miles  north  of  Milford  to 
work  tho  copper  ores  of  this  district. 

The  largest  production  from  ihi.s  district 
came  from  tlio  O,  K.  niino  about  1900-1901  • 
and  llio  mine  was  ttgniu  operated  in  1006,  1907* 
and  191.3  to  1917,  mclusivo.  'flie  protluctioii 
13  included  in  that  of  the  Rocky  dislrict. 

Booin'  JflNlN'G  DISTRICT. 

'The  Rocky  miriijig  district,  in  Beaver  Couuty, 
was  orgauizwl  March  27,  1872,  and  is  10  miles 
northwest  of  Milford,  on  the  Los  Angeles  & 
Salt  Lake  Railroad.  It  is  about  U  by  :i  miles 
in  e.xtcut  nud  includes  within  its  boundaries  a 
small  i.solafed  range  north  of  the  Star  district 
and  east  of  tho  San  Francisco  district.  Tlio 
principal  output  has  been  from  the  Old  Hickory 
mine.  Tho  production  of  tho  district  is  com¬ 
bined  with  that  of  tho  Beaver  Lake  ilistrict  in 
I  ho  following  table: 


prodiu'od  tri  llte  Benvtr  /.ait  nnd  Ro>-±y  ditlriclt,  J9Ti)~I9l7. 


^579-190,) 

1^-1917.' 


Al.  ilETAL  PRoPTCTION  op  BEAVER  COCNTi'. 

BcftvL^n roetiil  production  of  the  mines  in 
___^^^ouuty,  which  includes  not  only  tho 


Period . 

Ore  (short 

Gold  (£ne 

Silver  (fine 

Copper 

Lead 

Total 

- 

tona). 

ounces). 

ouDcoa). 

(pounds). 

1  (pounds). 

value. 

225.  00 

13,2o0 

80,831 

931,000 

80,000 

Iid'i  nnO 

108,  766 

415.69 

4, 160, 231 

35;  671 

1, 205, 784 

1 

6*0.69 

100,081  ^ 

5,091,281 

115,671 

1, 310,  784 

'  T*iith  C«iuu^  tl.  6,,  vi>l.  13 


.  p.  474,  ISM. 


districts  in  the  San  Francisco,  Bcai'or  Lake, 
Rocky,  oud  Star  ranges,  but  also  those  in  (ho 
Wuh  Wah  range  (p.  527)  and  tlio  Mineral 
Range  (p.  529),  is  sho^vn  in  the  following  tablol 


^  V 


Quantity  of  art  soUi  or  trmtfd  in  Jitarcr  County,  I'tali,  JS60-J917,  and  total  output  of  mtlaU  ncoccred. 


Qiiautiiy 

(short 

loiu). 


Total 

value." 


Kino 

oiinces. 


Pounds. 


Value, 


Value. 


257,  WO 
*22C.  <125 
M20,000 
‘M6,<125 
6i*7o6, 700 
Ml,  108,530 
Ml,  501, 34 1 
Ml,  857,596 
Ml,  652,980 
Ml,  625, 300 
«'<M20,000 
/250,000 
(235.188 
(191, 100 
(335,330 
(560,880 
(«77, 1«0 
^‘<736,^5<S 
(720, 144 
t^rJl,  822 
«’‘<700, 094 
(330, 5  JO 
(296, 824 
fm\,  !)S6 
(244,  939 
M]46.  9.32 
(427,  382 
(221,  8C7 
(100,  214 
?120,  984 
el80,  912 
ff323,  807 
(7.151, 147 
tfl5<l,  193 
?273,  977 
ff339,  8.81 
C201, 259 
(rJ66,  061 
(014,437 
<7288, 821 
0279, 694 


$327,528 
262,885 
60-1.000 
743, 619 
8^17,  .504 
1, 274, 809 
1, 690.  515 
2, 117,  MS 
1,  8.34,  8(W 
1,804,083 
419,  400 
247,500 
230,484 
179,634 
305,810 
588,924 
670,388 
040,513 
661,712 
?«5,75ii 
■155,061 
221,747 
178,  094 
182,  892 
146,  963 
91, 098 
256,  429 
117, 590 
68, 146 
79,  S49 
109,  271 
216,  951 
231,757 
79,  fp02 
142, 468 
18.3,  .336 
106,  C67 
1.57, -179 
20S,  040 
1.59,718 
141,805 


6710,  000 
t<-5,000 
(■00,000 
6c27,000 
6 --65, 000 
h  775,000 
6 7850, 000 
'>'274,290 
678(53,  oai 
*700,000 
*750,000 
*787,  780 
*710,000 
*7.5,  000 
*78,  194 
7/139,  291 
7/918, 292 
7/769,  648 
7/932,  296 
7/914, 0.''8 
7/466, 369 
P*1,6M,  7.S7 
<ri,  555,  918 
ffo,  406, 068 
e.j,  639, 414 
p5,  706,  406 
0\,  247, 2.35 
PI,  128,7.35 
(73,  7.39, 282 
P3, 040, 400 
p3,  137,  234 
P.1,. 511,  888 
P426,  91(1 


Copper. 

Pounds. 

Value. 

llocoverable  tine.  ^ 

Pounds. 

Value.  1 

i 

1 

. 

. 

• 

■■ 

132, 924 
P.5. 1.30,  220 
(7780,  276 
Pi,  039, 144 
p54,  902 
P6.5(i,  457 
p.513,  733 
p64.  927 
Pi,  176, 186 
P5,  522,  324 
P7,  113,  716 
P2,089.  811 

$16,  979 
302,  683 

4  7,  .597 
61,310 

2,  580 
3-5, 449 
27,  742 

3,  701 
81,  157 

309. 250 
364,  .331 
370,  737 

Oi 

O 

04 
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1016 . 

1  276,  Ml 

1  ffS,  023.  02 

I  41,  B33 

«361.  H62 

1  261, 266 

03.  203,6ti8 

1  788, 107 

05,948,220  ( 

410,427  1 

03,96O,4Oi> 

1917 . j 

1  .iOR,a« 

[  02,  JV2.06 

j  46, 314 

0297,833 

24ii,  416  1 

03,  702,  OM 

1  1, 010, 669 

0i),  321,400 

457,  fHO  1 

04,133,464 

Tofnlf  ... 

_ 

37,139.61  j 

767,  7.10 

1  21, 160,906 

10,688,392 

49,638,383 

8,  478, 693 

411,403,964 

i7,9»0,774 

33,607,610 

1  1 

&31,000  \  2, 0-23,  531 

421,613  \  2,lM0,6ul 


|2,677,U29  \  4S»,392,&27 


•  Ai'*racc  cnmnwrrta^lni*  iitnl  for  meh  nwUl  to  mak«  IoIaI  for  each  ralondur  tmt. 

a  Extimabvt  L>>'  V.  C.  HcIKM  (roni  a  arrjoiuloa  al  Ibe  louti  output  ralmrlMJ  hy  ttao  Dinctor  of  the  \Uot  aropvcuia  Ihu  imitiul  rovicu  xof  Iho  Salt  Lake  Trit>ua<.'and  of  lh>'  ft.  s.  rttol.  Surrev  illrirnl  Ttffourtrs, 
IW13- 1807,  Fart  of  tb«  reonidi  o(  <umo  ourly  produooni  wrrv  used  lu  ibo  ><«Umiua*. 

<  If  uOc  of  ooppnr  oad  Uvl  raodurnl  t(i>m  Uom  Bltwr  orei . 

4  BomfiUveiminoyUkikd  ounoolor  yoan  IKf^lSSl,  1,U2,9S1  ouDCeain  1SK2;  J,ue,89Sounoe3lii  ISSl;  1, . >10,000  ouutos  In  ISAi;  900  ounce:. In  1S\V  W./ijO  ounots  in  IS92:  32l,^2i  ounani in  18»l; 

and  143,933  oUDoea  in  l«6o. 

<  Cactus  und  Horo  SUvR-ettlADted. 

/  Dtfoctor  of  Hint  reports. 

t  Mineral  Rcaourtes  U.  S.  Goolocicnl  Simey,  ItOI-ini.’l. 

3  Cactus  miiM  starts  production. 

I  TIkso  toMls  aro  fur  minu  output  and  acKrc;:aUi  more  than  if  smclun'  and  rvl'mcrs'  Akutcs  v.ero  used. 


^feUlh  prod itced  m  Bearer  CourUy,  1S60-1977,  by  ptriod*. 


Period. 

Gold. 

Silver. 

Copper. 

Lead. 

1 

Recoverable  zinc. 

1 

Total 

value. 

Fine 

ouncca. 

Valuo. 

Fine 

ounces. 

Value. 

Pounds. 

Value. 

Pounds. 

Value. 

*  1 

Pounds.  1  Value. 

1 

18C0-1880 . 

2, 770. 00 
3,8(1(1.00 
4,  6W.00 
14,922.16 
10, 917. 35 

857,  2fil 
70,  918 
90,413 
398,405 
225.682 

3,416,200 
8,  019, 705 
4, 584,  607 
2,  490, 361 
2,  OlO.  970 

.$3, 960, 345 
9,  454,  806 
3,417, 253 
1,485, 699 
1,  270, 389 

40, 423.  082 
1.53.  423, 012 
111,  00.5,  913 
64. 112,  423 
51, 838, 894 

$1,  972,  90S 
0,  751,  108 
4,  102,  003 
2,  450,314 
2,  644,  .381 

1 

$5, 990.  571 
16,471,318 
8, 111,517 
9.  065.713 
9, 763, 4«o 

1881-1890 . 

1891-1900 . 

1901-1910 . 

1911-1917 . 

1, 310. 290 
2,  912, 204 
20,  040,  .3.96 
18, 703, 493 

8186, 486 
43.5,  81S 
4, 326,  995 
3,  .530,  204 

8,  507,  656  i  $-194, 340 
21, 999,  663  j2, 082,  689 

37,139.51 

767,  TOO 

21, 160, 906 

19,588,392 

49, 633,  333 

8,  478,  593 

411,403, 954 

17,. 980, 774 

33, 507, 519  j2. 677,  029 

49, 302, 527 
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ORE  DEPOSITS  OF  UTAH. 


niARACTEU  .VN'D  METAL  CONTF.NT  OP  OftE-S. 

DRY  OR  SILICEOUS  ORES. 

TliC  dry  or  siliceous  ores  shipped  to  smelters 
from  County  <iomprisc  ycit  siliceous 

gold  nn<l  silver  ores  iind  oxidized  iroii-inaiigau- 
cso  on’s  of  little  or  iso  value  cxci'pt  for  fluxiug. 
Some  small  lots  of  verj’  rich  gold  ores  were 
shipped  from  tho  Nowtou  district  at  iiitenmls 
and  the  hulk  of  the  oxidizisd  irost  orewassluppi’d 
from  the  Bradshaw  and  Lincoln  distnets.  'llio 
prodiicem  contrihut’mg  to  the  output  of  chy  or 
siliceous  oro  during  the  decado  were  tho  Rob 
Roy,  Nip  aiul  Tuck,  Sheep  Ro<’.k,  Hub  and 
Ltuly  Bryan,  Old  Ilie.kor>',  Kitty  Clough,  Cave, 
Black  Wairior,  and  Parle  mines. 

The  average  grailo  of  tho  ores  sliipped  was  as 
follows; 


Dn/  or  oiy,  uM  ni'frarje  viclallie  amtent,  jirodtu-Ad 

in  County  aiui  thipp^vl  to  tmtlh'r.i,  1906-1917. 


Year. 

Qu.in- 

tiiy 

Wiort 

ions). 

Cold 

(value 

por 

Ojd). 

.Silver 

(oum-'t-, 

per 

ton). 

Copper 

(per 

cent.). 

Lend 

(per 

cent). 

Aver- 

AgC 

gr^ 

value 

per 

ton. 

lOOfi . 

a  9,  .291 

1.67 

$6.  45 

1007 . 

15 

812.  13 

20.  87 

.87 

29  33 

1908 . 

l.S 

79.  SO 

2.  !l 

81.00 

1900 . 

17 

63.  S8 

4.SS 

1.03 

67.  29 

1910 . 

2,  107 

1.74 

3.  m 

.4.5 

.52 

5. 32 

1911 . 

1,  800 

2.  95 

1.2.  61 

.44 

.53 

12.69 

1912 . 

28 

56,  RG 

5G.  50 

91.  Cl 

U)l.< . 

10.2 

.91 

8.20 

.53 

.60 

8.02 

1914.... 

1.  026 

.29 

12. 83 

.40 

0.  7fl 

9.(M 

1915.... 

no 

21  15 

8.  29 

.013 

.96 

26.77 

19lr,...  . 

1 

83.00 

41.00 

no.  till 

1917..  .  . 

91 

.27 

12.14 

1.19 

.67 

17.78 

•  i™n  of». 


COPPER  ORES  ARD  CONCENTRATES, 

Tile  coppor  ores  include  those  u.sually  cairy- 
ing  over  2V  por  cent  of  copper.  Sulpliido  ores 
were  sliipped  most  frequently  by  the  Cactus, 
0.  K.,  and  Imperial  mines  and  oxidized  oixis 
by  tho  St.  ^faiy,  Kathleen,  Cavo,  Common¬ 
wealth,  Old  Harrington,  Hanington  Hickory, 
King  of  tho  Hill,  Buckeye,  Creole,  Horn  Silver, 
Blue  John,  Coppor  Mountain,  Baby  Jack,  Cop¬ 
per  Ranch,  Old  Hickoiy,  Montreal,  and  Copper 
King. 

Tlio  copiM'T  concentrnti'H  were  largely  from 
ores  tnmtcd  at  the  Cactus  mill. 

The  average  grade  of  the  ores  and  concen¬ 
trates  sliipped  from  190.5  to  191.3  wus  ns  fol¬ 
lows  : 


Copper  ore  amt  ronrentrate*.  mith  aycrape  meUilltt  evntmi 
prtul'ient  in  Utintr  Counltf  and  thippM  In  tmellgn,  luos- 
im. 

Crude  ore. 


Y<>ur. 

Quah- 

viiy 

f»hort 

(on«). 

Gold 

(value 

per 

ton). 

Silver 

(ouncK" 

per 

Ion). 

Copper 

(per 

cent). 

T.ead 
(per 
cent ). 

Av«r- 

BKO 

KTOi* 

value 

per 

ton. 

190.5 . 

'  200 

• 

2.70 

2.00 

19i)G . 

457 

$2. 89 

5.  69 

8.01 

37!66 

1907 . 

27,231 

.66 

1.97 

5.  35 

0.08 

2.2. 44 

1908 . 

4, 126 

1.35 

1.04 

13,  19 

:^7 

1909 . 

'205 

.71 

1.38 

9.00 

24  82 

1910 . 

64 

1.85 

10.05 

12.  72 

an.  ^7 

1911 . 

692 

.96 

3. 39 

11.  14 

.03 

so.  117 

1012 . 

1.2, 232 

.09 

1.30 

2.  74 

9  93 

1913 . 

18, 1K4 

.02 

1. 19 

2.  6.8 

9  Oi 

1914.... 

1,223 

1.01 

3.  70 

13..')1 

39.00 

1915.... 

3,073 

.08 

L  58 

3.  49 

13  12 

1910. .  .. 

27. 001 

.33 

1. 13 

2.  04 

14.11 

1917.... 

32, 363 

.11 

.61 

2.34 

.015 

U.  43 

Coticm  1  rmteit. 


1965 . 

16,897 

$1.37 

1.96 

10. 12 

$:14  35 

1306 . 

20,  .269 

2.13 

2. 09 

12.  ;i3 

51  16 

1907 . 

21,  126 

■  1.3ft 

1.08 

6. 28 

27.59 

1908 . 

21,  SS2 

1.49 

1.34 

10.  27 

29  SO 

rw9 . 

4,307 

1.17 

1.  18 

9.34 

36,57 

1010 . 

4,922 

1..52 

1.29 

8.99 

25.94 

1911 . 

21.  Ill 

1.51 

1  39 

8. 14 

22.60 

1912 . 

11,521 

1. 2.2 

1.29 

8.34 

30  a 

1913 . 

8.072 

.SI 

1.48 

10.62 

34.  65 

1914 - 

6,417 

.71 

1.39 

9.59 

1K.M 

1916.... 

254 

1.37 

2  13 

23.43 

81  4.5 

19I6.... 

4,282 

1.24 

1  88 

16.  78 

85.  Oa 

1917 - 

6, 650 

1.57 

2.  16 

16.47 

93.29 

LEAI>  ORE  AND  COKCENTSATES. 

In  general,  tho  crude  lead  ores  and  con- 
coutratea  are  those  containing  over  4J  per 
cent  of  lead.  Tho  most  important  shipper 
of  cnido  ore  ui  tho  county  was  tho  Honi 
Silver  mine,  which  yielded  an  important 
output  each  year  during  the  last  decade. 
Tlio  Moscow  and  Ckidar  Talisman  shipped 
regularly,  but  in  smaller  quantities  and  for 
seven  years  tho  Red  Warrior  was  a  good 
shippor.  Other,  shipping  properties  were  the 
HaiTington-Hickory,  Summit,  Big  Gentile, 
Boaver  Carbonate,  Rebel  and  Wild  Bill, 
Cavo  Consolidated,  Atlas,  Hecla,  Hoosier 
Boy,  Lydia,  Flora,  Jennie  Fraction,  St.  Mary. 
Big  Four,  White  Rock,  Hobson,  0.  K.,  Oak 
Loaf,  Lincoln,  Silver  King,  Washington, 
Harriot,  Majestic,  Admiral  Dewey,  Hub,  Moni¬ 
tor,  Gold  Reef,  King  David,  ilosoow  Bonauzi'- 
Mammoth,  Silver  Glance,  Utah  Gold  &  Copper, 
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Oneida,  Lower  Cave,  Indian  Quoon,  and 
Volunteer. 

Tiio  rone^nlrates  were  ehielly  from  tlie. 
Hor.i  Silver  and  Beaver  Carbonate  dumps 
at  Frisco  but  iiichnied  a  test  lot  of  Moscow 
ore  from  the.  vSUr  district. 

The  average  grade  of  lUo  ores  and  comum- 
irfttes  was  os  follows; 

rvc</  art  and  tanfitilralcs,  wUh  average  metallic  ermlenti, 
prsflured  in  Butver  County  and  skipped  to  smelters, 
/Wd-W/t. 

Crude  c»re. 


•\vcr- 


Yi»r. 

Qu«a- 

tily 

(abort 

tons). 

Gold 

(value 

per 

ton). 

Silver 

(ounces 

per 

tou). 

Copper 

(per 

ceut). 

Lead 

(per 

cent.) 

ago 

gresa 

value 

per 

ton. 

1003.... 

6,-109 

$2.01 

11.27 

0.71 

34,83 

f39. 1.5 

ISM.... 

!),  !)3S 

.90 

in,  4G 

1.90 

29  ;io 

37. 05 

W.... 

G,  (H7 

.7.1 

13.  10 

.05 

26.20 

3.3.52 

isoe.... 

11.551 

.75 

17.27 

17.  70 

32.  74 

1W7.... 

13,321 

.(i2 

17.  12 

.11 

1C.  .56 

30. 01 

m... 

.5,  730 

1.  10 

15.  57 

..35 

22.  43 

29. 13 

IWfl. . . . 

11,  !105 

.71 

17.08 

.41 

18.71 

26.  70 

nio. . . . 

12,  (>81 

.40 

19.21 

.  45 

17. 11 

26.97 

mi.... 

9,  1.53 

.Ga 

14.05 

.03 

22.48 

29.92 

1912. . . . 

13, 183 

.75 

11.11 

.49 

21.4.8 

23.  .53 

1913. . . . 

18,  MO 

.38 

12.  73 

.42 

IS.  1.5 

25. 61 

19H. . . . 

10,  525 

..31 

17.  .98 

.19 

27.  -12 

3.3.  15 

ms. . . . 

6,6-15 

.  29 

21  :?7 

..'M 

31.  03 

41.54 

1»18. . . . 

15,598 

.  37 

12.  16 

..52 

11.7.3 

27.73 

1*17. . . . 

13,716 

1.  1-1 

9.  35 

.06 

10.82 

31.41 

rwifents. 


CoDcoturair*. 


Y  e.ir. 

Qiwn- 

lily 

(short 

Unw). 

Gold 

(Value 

per 

ton). 

- 

Silver 

[ounces 

pi>r 

ton). 

Copper 

(per 

Cent). 

l.cad 

(per 

ceut). 

-Aver- 

8^o^>s 
vail  10 

JMT 

tuu. 

1903.... 

2, 122 

$2.68 

15.00 

34.98 

510. 17 

1904. .  ,  . 

484 

2. 04 

13, 82 

2.5. 70 

32. 17 

1909. . . . 

168 

.14 

;13.  47 

24. 69 

38.  78 

19!0.  .  .  . 

37 

.24 

43. 4.3 

31.69 

51.02 

1911.  . .  . 

305 

1. 12 

.32. 28 

0.  70 

26.  89 

:18. 87 

1912. .  .  . 

i;i 

.  15 

22.69 

2.40 

6.11 

27.01 

191.1.  .  .  . 

2,341 

.71 

S.  15 

.12 

24.27 

27.37 

1914.  .  .. 

.3,913 

.  815 

11.73 

.28 

27  -16 

29.62 

1915. .  . . 

3,8(X) 

1..50 

21,03 

.25 

36.02 

47.  51 

1916. .  . . 

2,916 

L  19 

15.  2.3 

.45 

18.05 

.38.37 

1917. . . . 

1,28.5 

1.29 

9.34 

..34 

19.01 

45.  12 

ZINC  ORES  AND  CONCENTRATES. 

The  zinc  ores  and  eonccntrati's  are  those 
containing  25  per  cent  or  more  of  zinc,  ir¬ 
respective  of  tho'ir  precious  metals.  The  bulk 
of  the  cnide  ore  shipped  was  suljdiides  from 
iho  Horn  Silver  iniiio,  but  a  trial  shipment 
was  from  the  Moscow,  Siliceous  and  carbon¬ 
ate  zinc  ore  was  produced  during  several  years 
from  the  Oedar  Talisman  property. 

Concentrates  of  zinc  were  produced  prin¬ 
cipally  from  the  Jfoni  Silver  oras  but  includo 
a  tost  lot  from  tho  Moscow  ores. 

Tlie  average  gi’ade  of  tho  ores  and  concen- 
trotes  was  ns  follows; 


Zi’trcre  and  coiicentrates,  ivith  average  metallic  coniciit,  produced  in  Dealer  County  and  shipped  to  smeiirrs,  J!/0-i~l9t7. 

Cradm  oro. 


Vear. 

Quantity 

(fhnrt 

tons). 

CrtiH 
(v.vhio 
per  tuu). 

Silver 

(OUQCOS 

per  ton). 

Copper 

(per 

cent). 

Lead 

(per 

cent). 

Recover¬ 
able  xinc 
(per  cent) 

Average 
grusBValuo 
per  ton. 

1964 . 

522 
8,  -145 
1,615 

3.  16 

. 

31.89 

$3-1  36 

IS«6 . 

50.23 

2. 14 

30. 37 

37.33 

1908...  . 

10.  00 

24  15 

36.27 

1907 .  . 

7,  77 

12  22 

19.55 

law....  . 

1,  .-o- 

99 

859 

2,031 

7,317 

2,  102 
2, 452 

497 

1,311 

.  12 

10.  64 

5  ,  S3 

27.  73 

30. 74 

UlO...  . 

.31 

6.91 

12.00 

29,  90 

47.  05 

1912.  . 

1. 1.5 

5.  22 

2^.S9 

4.').  27 

ms...  .  . 

1.  35 

6.9.5 

32.  93 

•13.  24 

33.77 

31.44 

1915...  . 

2.  16 

4.29 

28.80 

70.89 

ms...  . 

3.00 

3.52 

21.08 

63.35 

1317..  . 

.43 

25.68 

52. 93 

— 

. 

ConecnIrmKi*. 


bl2..  1 

3 

$0.  33  1 

5.00 

0.60 

2.03 

47.00 

§72.00 

1,334 

'  .03 

.69 

.08 

.66 

26.3.3 

33.25 

41.93 

.30.00 
;10. 01 

2, 069 
1,875 
635 

3.^ 

■* 

1.62 

107. 17 

ms.  . 

1 

38.01 

•33.97 

104.29 

69.30 

123 

1 
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COPPER-LEAD  ORES. 

The  coppcr-load  ores  nro  classified  like  the 
copper  and  the  lend  ores.  The  producers  o* 
this  kind  of  ore  woro  tlie  Moscow,  Horn  Sil¬ 
ver,  O.  K.,  Lincoln,  ProjiTossive.,  Empire, 
Coinmonwculth,  Wild  Bill,  and  Knthlecn. 

The  average  grade  of  tlie  ore  shipped  was  ns 
follow.s; 


Conp..T-lcad  ore,  vHh  average  mtaUie  ennUnt,  pre'/ucs/  ia 
hmver  Countg  and  thipped  la  smcllert,  l90J-t91S  arui 

ion. 


Year. 

Quan- 

ti?y 

(.-‘liort 

lon»). 

Gold 

(value 

per 

ton). 

Silver 

(ounces 

pt-r 

ton). 

Cop- 

per 

(per 

c«n(). 

Lead 

(per 

cent). 

Aver¬ 

age 

gros 

value 

per 

ton. 

1003 . 

S07 

fO.  82 

4.00 

22. 00 

17.00 

S77.  54 

100-1 . 

3,078 

,73 

2,  18 

15.98 

la  42 

58.  79 

i9o:> . 

1,200 

1. 13 

3.5.00 

5.00 

30.  00 

69.28 

inoc. . 

719 

.29 

15.47 

C.  31 

10.  87 

49.  58 

1003 . 

1,386 

.07 

16.41 

8.02 

17.71 

31.62 

1009 . 

2,593 

.37 

19.  ti2 

5.  GO 

19.  01 

41.  49 

1010 . 

2,229 

.20 

28.  19 

2.  15 

36.  23 

52.  79 

1911 . 

7-1 

.20 

18.86 

4.  49 

7.  59 

28.25 

1912 . 

1-42 

.24 

16.  16 

11.06 

17.  20 

62.  16 

1913 . 

7 

.8.". 

8.85 

8.01 

10.52 

40.  28 

1917 . 

253 

.03 

13.35 

3.  07 

14.09 

52.  26 

LEAD-ZINC  ORE. 


Mineral  Kaiige  on  the  oast,  tho  San  Francisco 
llange  within  the  area,  and  the  Mmh  Wahllango 
no.vt  to  the  west,  the  followuig  cx)minon  char- 
uctoristics  are  found.  A  gentle  easterly  slope 
and  art  abnipt  westerly  slope;  a  gentle  easterly 
dip  of  the  strata;  a  lava  covering  c.vteudbig 
up  the  eastern  slopes  hut  absent  from  the 
western;  and  a  rather  straight  w'estem  front 
that  disregards  the  differing  resistance  of  the 
component  formations — features  that  are  be-st 
e.xplained  by  tho  supposition  that  tho  ranges 
were  formed  at  a  comparatively  recent  date  by 
a  breaking  up  of  tho  area  into  blocks  along 
north-south  faults  and  tho  tiltuig  of  the  result¬ 
ant  blocks,  and  that  tho  are»Ls  between  the 
ranges  wero  subsequently  partly  filled  by  debris 
from  the  erosion  of  tho  higher  portions. 

The  Beaver  Lake,  Kocky,  and  Star  ranges  do 
not  show  characteristics  in  common  with  tho 
other  ranges  and  may  have  resulted  from  other 
causes. 

GEOLOGY. 

The  rocks  of  the  area  include  sedimentary, 
intrusive,  and  extnisivo  formations,  nil  of 
which  are  intimately  connected  with  tho  ore 
deposiUs.  (See  PI.  XL,  p.  502.) 


ITie  load-zinc,  ore  has  eorac  entirely  from 
tho  Horn  Silver  mine.  Tho  averngo  grade  of 
tho  ores  shipped  w'as  us  follows: 

Lcad-eine  ore,  nilh  average  melaJlic  eojitent,  produced  in 
Beaver  Connlg  aiul  eliipped  to  tnehers,  1909,  J9iJ,  1914, 
and  1916. 


Year, 

Q'jau- 

Ut.y 

(short 

tons). 

Gold 

(value 

per 

ton). 

Silver 

(ounces 

per 

tou). 

Lead 

(per 

c.cut). 

Recov¬ 

erable 

zinc 

(per 

cent). 

Aver¬ 

age 

gross 

v-ilue 

p<?r 

ton. 

1909 . 

1911 . 

19U . 

1016 . 

807 

261 

6,083 

62$ 

$0.18 

.27 

0.05 

10.01 

2.62 

12.  02 
11.62 
8.04 
8.  68 

36.69 
12.41 
32.  37 
27.  13 

$5.5.62 
30,  21 
34.  4-1 
SI  70 

PHYSIOGRAPHY. 

By  B.  S.  Buri.KR. 

Topogi'apliienlly  and  physiogranhically  tho 
San  Frai\cisco  vc^gion  is  similar  to  other  ranges 
of  tl»e  Great  Biisiji  region,  Charaeteristio  fea¬ 
tures  nro  north-south  ranges  risuig  ahruptly 
from  flat  desert  valley's.  Tim  ranges  ha  ve  sev¬ 
eral  features  in  common.  For  e.xumplo,  in  tlie 


SEDIMENTARY  KOCK.S. 

The  sedimentary  rocks  range  in  age  from 
Ordovician  and  possibly'  from  Cambrian  to 
Ti’iassic.  (See  fig.  52.)  Although  no  marked 
structural  unconfoimities  have  been  recognized, 
there  wero  probably  periods  of  nondeposition 
and  po.ssibly  of  erosion  while  the  sedimentary 
rocks  were  being  formed. 

The  Grampian  limestone,  the  lowest  for¬ 
mation  in  the  area,  is  exposed  in  tho  San  Fran¬ 
cisco  Range.  In  large  part  it  is  a  hcavy'-lwdded 
VduG  doloinitic  limestone,  but  it  contains  beds 
of  light-gray  limestone  and  siliceous  and  are¬ 
naceous  bods,  w'hich  are  especially  abundant 
in  the  upper  300  feet.  Those  near  tho  top  of 
the  formation  contain  fossils  of  Ordovician  age. 

Overlying  the  Grampian  limestone  in  the  Swi 
Francisco  Range  is  the  Morehouse  qnartzilei 
W'hich  consists,  at  the  Imse,  of  400  to  .500  feet  of 
nearly' white  rather  lino  grained  quaxtzito  over- 
lain  by'  a  pink  qnaiTzito  nearly  1,500  fo®f 
thick,  iieai'  w'hoso  base  are  some  shaly'  mcnibera- 
•V  quartzite  member  about  2,500  feet  tliick  that 
forms  the  base  of  tho  section  exposed  in  the 
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Slur  district  believed  to  be  the  upper  portion  Ovcrlyins;:  the  Mowitzu  shuJc  is  the  Topuche 
of  the  Morehouse  quartzite  the  top  of  which  is  limestone  of  1,500  feet  of  heavy-lieddcd  blue 
not  present  hi  the  Sim  I'liiiuiseo  Range,  lo  Kincstone  with  beds  of  shale  and  chert. 
wbntcxb'iit,if  any,  tho  two  nieinbei's  arc  duph-  Fossils  collected  near  the  center  of  the  forma- 

cations  has  not  been  detei  mined.  No  fossils  tion  bulicato  that  it  is  probably  lower  Car- 
wero  found  bi  tlio  quartzite,  hut  ns  it  lies  be-  boniferoiis  (iliivsissippian). 
tween  known  Onlovieian  and  Devonian  rocks  A  persistent  quartzite  (Talisman  quartzite) 
it  has  been  provisionally''  assigned  to  the  Ordo-  about  400  feet  thick,  though  rather  variable, 
vician  and  Silurian.  separates  the  Topacho  lirao-stono  from  tho  over- 

Ne.'^fc  nhove  the  Morehouse  quartzite  is  the  j  lybig  Elephant  limestone  of  Pennsylvanian  age, 
Red  Waivior  limestone,  whieh  for  the  most  |  a  heavy-bedded  dolomitic  and  silie-eous  lime- 
part  is  n  heavy-bedded  blue  dolomitic  and  in  1  stone  al>out  1,000  feet  thick. 


6.000  t 


l.OCOt 

■100 

1.50(j’ 

/ 

SO  I 
1.600% 


2,600% 


2,000+' 

Jw' 


6.0m' 


Figure  62.— Gcnemflaylscjllonof  tho  sediraeiUafy  In  th«  S«n  Fr jaclwo  Mid tKljnMfit dlrtitts. 

P<irt  rather  siliceous  limestone  about  1,500  feet  Overlying  tho  Elephant  lune-stone  and  ropre- 
^ck.  In  its  lower  part  are  lenses  of  quartzite  senting  tho  youngest  consolidated  bed  bi  tho 
find  in  its  upper  part  beds  of  gray  limestone,  area  is  tho  Harrington  formation,  which  con- 
^fofcssifc  were  collected  from  this  forma  tion,  but  sists  of  shales  with  beds  of  limestone  and  lenses 
overlabi  by  Uppm- Dovooiaii  rocks  it  is  ;  of  quartzite.  Appro.xirnately  5,000  feet  of 
**g“d''d  as  in  part  at  least  Devonian  and  these  beds  are  exposed.  Fossils  collocUid  from 
P^'bly  in  part  Silmnan.  tho  lower  and  central  portions  of  tho  formation 

^pnc.vthigherforraatioiiistheMowitzasbile,  '  have  boon  detormincil  as  of  Tri^sic  age. 

*hich  consists  of  about  50  feet  of  calcareous  Uncoiusolidatod  deposits  in  the  dj.stnct  coii- 
Jale  interstratified  with  tlibi  beds  of  limestone,  sist  of  lake  beds  and  alluvial  dopcsits  of  Pleisto- 
*Se  has  been  detennmed  ns  Upper  Dovoiiinn.  coue  and  Recent  ago. 
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IGXEOUS  ROCKS. 

IJJTERHEtATIONS  AND  AGE. 

The  relation  of  the  intrusive  and  extrusive 
rocks  is  far  from  clear  at  many  points  in  the 
area.  In  the  Kooky  Range,  however,  dikes 
from  the  quartz  monzonite  stock  intrude  the 
lava  flows,  and  in  the  San  Francisco  district, 
just  northwest  of  Frisco,  dikes  of  quartz  mon- 
zonite  porphyry  similar  in  composition  to  the 
stocks  cut  the  flow  roclcs.  These  facts,  to¬ 
gether  'wdth  the  poi'phyritic  character  of  the 
quartz  monzonite  of  the  stocks  near  the  con¬ 
tact  with  the  extrusive  rooks,  especially  well 
shown  in  the  point  extending  into  the  lavas 
north  of  Frisco,  indicate  that  tho  extrusive 
rocks  arc  the  earlier  and  that  the  intrusive 
roclcs  cut  not  only  the  sodimcntaiy  rocloj  but 
also  the  lavas. 

The  district  furnishes  no  direct  evidence  of 
the  age  of  tho  igneous  roclm  e.xcept  that  they 
are  younger  than  the  Triassic sediments.  From 
a  comparison  with  neighboring  areas,  however, 
it  is  believed  that  they  are  of  Tertiary  age. 

EXTRUSIVE  ROCKS. 

Extrusive  roclis  are  present  over  lai'ge  areas 
in  the  region,  and  there  is  good  evidence  that 
they  once  covered  the  entire  surface  and  were 
later  in  part  removed  by  erosion.  Their 
complete  section  is  nowhere  exposed,  but  thch 
aggregate  thickness  amounts  to  several  thou¬ 
sand  feet.  In  physical  character  they  range 
from  tuffs  to  massive  flow's  that  resemble 
intrusive  rocks;  and  in  composition,  they  range 
from  rhyolite  to  olivine  basalt.  The  two 
exUomea  in  composition,  however,  are  rela¬ 
tively  scarce,  and  the  groat  bulk  of  the  extru¬ 
sive  rooks  have  the  composition  of  quartz 
latito.  (See  p.  90.) 

mTHtrarvE  rocks. 

Stocks  are  present  in  all  the  ranges  in  the  area 
(see  PI.  XL),  and  dikes  and  irregular  bodies  cut 
uU  tho  formations.  The  large  bodies  aro  of 
granitic  textm-o  and  inteniiediate  composition 
ranging  from  quartz  monzonite  to  granodiorite. 
They  aro  believed  to  have  a  common  origin 
and  to  be  simply  variants  resulting  from  the 
differentiation  of  a  common  magma.  The 
chemical  and  mineral  composition  are  given  in 
another  part  of  this  paper.  (See  p.  96 .) 

The  dike  rocks  are  of  at  least  two  ages. 
Dikes  of  tho  quartz  monzonite  extend  from  the 


stocks  into  tho  adjacent  rocks  and  more  basic 
dikes  cut  the  quartz  monzonite  stocks  and 
other  formations.  Siliceous  dikes  nro  also 
present  in  the  quartz  monzonite  and  in  the  sedi¬ 
mentary  rocks. 

The  more  basic  dikes  vary'  in  composition 
from  those  differing  but  little  from  the  quartz 
monzonite  to  those  in  which  the  dark  silicates 
compose  a  large  part  of  the  rock.  The  most 
ba.sic  rocks  are  of  laniprophyric  tyq>o. 

The  sDiceous  dikes  range  from  in’egular 
bodies  of  granitic  rock  (shown  in  C<'>pper Gulch) 
that  do  not  differ  greatly  in  compo.sition  from 
some  of  the  stocks  to  typical  apli tic  dikes  com¬ 
posed  essentially  of  quartz  and  orthoclase. 
Some  of  the  nplitic  dikes  contain  sulphide  that 
is  behoved  to  bo  original.  All  the  intrusive 
series  are  believed  to  have  had  a  common 
origin,  their  different  compositions  being  as¬ 
cribed  to  differentiation  of  the  magma. 

STEUCTURE. 

The  main  recognizable  stnictural  features  of 
the  region  have  resulted  from  a  gentle  folding 
followed  by  the  intrusion  of  the  monzonite. 
stocks  and  the  subsequent  breaking  of  the  re¬ 
gion  into  blocks  and  the  tilting  of  the  blocks  to 
form  the  present  mountain  ranges, 

FOLDS. 

On  the  west  side  of  the  San  Francisco  Range 
the  lower  beds  of  the  Grampian  limestone  have 
been  folded  into  a  broad  anticline  that  pitches 
gently  north.  The  western  limb  of  the  upper 
beds,  however,  has  been  entirely'  removed,  and 
in  tho  Beaver  Lake  and  Rocky  ranges  the  ear¬ 
lier  structural  features  have  been  entirely 
masked  by  those  resulting  from  the  intrusion 
of  the  quartz  monzonite.  In  the  Star  district 
folds  w'ere  not  observed. 

STRDCTITRAL  FEATURES  HESULTIHO  FROM  rNTRUSION 
OF  IGNEOUS  ROCKS. 

The  intrusive  rocks  for  the  most  part  broke 
through  the  earlier  formations  instead  of 
spreading  out  in  laccolithic  form.  They  di<^i 
however,  dome  the  overlying  rocks  to  some 
extent,  for  these  commonly  dip  away  frooi 
the  center  of  intrusion. 

In  the  Star  district,  especially,  an  intnisive 
mass  seems  to  have  forced  a  block  of  sedimeii' 
tary  rocks  bodily'  before  it  to  make  room  for 
the  entering  material.  To  what  extent  ‘‘st-op- 
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ing”  (the  eHguIfiDcnt,  sinkiiig,  and  dissolving 
of  (lie  invaded  rock)  provided  space  for  tlie 
entering  raaterial  is  not  dednitely  known,  but 
the  writer  is  inclined  to  the  view  that  its 
effect  was  of  minor  importance,  ns  Boutwell  ‘ 
believes  it  to  have  been  in  the  Pnrk  City  dis¬ 
trict. 

FAULTS. 

The  most  important  structural  features  of 
(he  region  are  tho  result  of  faulting.  Norainl 
faulting  is  usually  ussociate.d  with  the  Basin 


association  \vith  other  stocks.  In  the  Star 
district  there  has  been  movement  along  planes 
that  are  essenUully  horizontal  but  that  have 
i^egularities  resembling  n  wni-pcd  surface. 
The  rocks  along  (ho  fault  planes  are  liighly 
polished  and  grooved,  but  it  is  not  demon¬ 
strated  that  (hero  has  been  extensive  move¬ 
ment. 

Faulting  has  probably  been  in  progress  over 
a  long  period.  Some  important  faults  doubt¬ 
less  formed  before  the  intrusion  of  the  rjuartz 


^pcosedcjtij^o  1/  partaf  cngirvil 
( au  1 1  b^ock  before  ero&ion  * 


Pi^c.tc  53.~Gmrallted2i(Qreoi|^amroprc:K‘atlcg  tberoIuUons  af  thoforniaUooslnpQrtof  UicSan  rranris^s  Hargo  north  of  S^iuaw  springs  Pass. 


Rttiige  structure  and  is  believed  to  outline  the 
Sail  Francisco  Range  both  on  tho  east  and 
west.  A  fault  on  the  east,  exposed  in  the 
workings  of  the  Horn  Silver  mine,  has  n  knowm 
disphicenient  of  1,600  feet  and  doubtless  much 
wore,  (See  Cg.  53.)  Another  notable  normal 
fault  p.asses  northeast  through  Squaw  Springs 
Gap  in  (be  San  Francisco  Range  and  throws 
'iic  liiva.s  on  the  south  of  the  range  down 
against  the  limestone  on  the  north. 

The  intrusion  of  the  quartz  monzonitc 
odies  is  believed  to  have  laterally  displaced 
!  ®  surrounding  rocks.  Such  a  displacement 
is  shown  in  the  central  portion  of  the  Star 
i^lrict,  and  similar  displacements  are  pos- 
present,  though  le.ss  clearly  shown  in 

l'l’'aiKraphy  and  .'♦tnictare ol  U>e  I'ark  City  mining. 

*•  Utah:  Jour.  Geology,  vol.  15,  p.  45S,  1907 
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monzonitc,  and  others  have  certainly  occurred 
since.  The  faulting  doubtlc.ss  extended  into 
late  Tertiary  time  and  may  be  still  ui  progress. 

FISSUaES. 

Fissures  are  important  in  the  area,  as  tliey 
have  furnished  channels  for  the  passage  of  the 
ore-bearing  solutions.  In  the  Star  district 
most  of  the  important  fissures  strike  nearly 
east  and  dip  vertically  or  ver^- steeply.  In  the 
other  districts  the  fissures  show  less  unifonn- 
ity  of  direction.  Fissures  in  (ho  sedimentary 
rocks  were  probably  formed  for  the  most  part 
at  the  time  of  the  quartz  mouzoiiite  intrusion 
by  stresses  in  the  limestone  resulting  from  the 
injection  of  the  igneous  material.  Some  little 
fissuring,  especially  near  the  contact,  may  be 
attributed  to  the  stresses  caused  by  the  shrink- 
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ago  of  the  cooling  ma.ss.  Probably  similar 
causes  led  to  fissuriiig  in  quartz  monzonite. 

M  ETA  SOM  AT IS.M . 

ALTZBATIOW  OF  QUAKTZ  MOIfZONITE. 

In  general  tho  (juorlz  monzonite  has  been 
lilllo  altered  except  along  fissures  and  zones  of 
fracture,  whore,  in  its  most  highly  altered  con¬ 
dition,  it  has  been  changed  to  essentially  a 
quartz  sericite  rock  with  variable  amounts  of 
minor  constituents.  Such  zones  are  especially 
well  shown  in  Copper  Gulch  in  thohaii  Francisco 
Range  and  in  tho  O.  K.  zone  in  tho  Beaver  Lake 
Moxmtains,  though  they  are  present  at  many 
other  localities. 

In  passing  from  unidtorcd  rock  to  a  highly 
jiltorod  zone  the  stages  of  the  alteration  can  be 
seen.  lliG  dark  silicates  are  usually  first 
attacked  and  pass  over  to  chlorite  and  car¬ 
bonate  and  eventually  largely  to  scricito;  tho 
feldspars  become  more  and  more  sericitized 
till  they  are  compostid  largely  of  that  mineral ; 
and  finally  oven  tho  quartz  crystals  are  broken 
up  and  filled  with  soricito.  In  tho  two  zones 
most  carefully  examined  tho  most  marked 
din'eronco  in  tho  alteration  is  that  rather  abun¬ 
dant  carbonate  wjis  formed  in  tho  Copper 
Gulch  zone  and  nono  at  all  in  tho  O.  K.  zone, 
'fho  chemical  composition  of  tho  fresh  and 
altered  rock  in  tho  tw'o  zones(pp.  164-105)  shows 
that  silica  (SiO,)  has  decreased  somewhat  in 
both.  jVlumina  (Al,Oj)  shows  little  change; 
in  tho  Cactus  deposit  it  has  sUghtlv  incroased, 
bi  tho  O.  K.  deposit  slightly  docroasod,  tho  ro- 
sultbig  diffci-onces,  however,  being  no  greater 
than  might  bo  found  in  two  samples  from  tho 
same  rock  mass.  Lr  tho  Cactus  deposit  the 
oxides  of  ii-on  havo  rcmauicd  nearly  constant, 
but  bi  the  O.  K.  deposit  iron  has  been  removed. 
Magnesia  (MgO)  has  boon  reduced  in.  both 
zones,  undoubtedly  by  the  alteration.  Both 
lime  (CaO)  and  soda  (Na,0)  have  been  almost 
completely  removed,  but  potash  (K,0),  espo- 
cially  in  the  Cactus  zone,  and  combuied  water 
show  marked  incronso.  'Ktaniura  oxide  (TiO,) 
romaina  nearly  constant.  Carbon  dio.\ido(CO,) 
1ms  boon  markedly  atldcd  in  the  Cactus  zone 
but  not  in  the  O.  K.  zone.  Sulphur  and  copper 
have  boon  added  bi  both  zones.  The  samples 


selected  for  analysis  conUmied  littlo  sulphide 
and  in  tliis  respect  do  not  represent  l.ho  average 
of  (ho  altered  rock. 

'file  chemical  and  nibieralogic  changes  that 
have  taken  place  b\  tho  rock  give  some  ui  dica¬ 
tion  of  tho  composition  of  tho  solutions  that  pro¬ 
duced  them.  Elements  that  have  boon  added  to 
tho  rock  by  theso  solutions  were  necessarily  car¬ 
ried  by  them.  Elements  that w'oreremoved may 
havo  beon  aliTady  contained  to  somo  extent  ui 
tho  solutions,  though  probably  not  ui  largo  de¬ 
gree.  From  this  it  may  bo  inferred  that  tho 
solutions  contauied  potassium,  sulphm',  and 
copper  and  hi  tho  Copper  GiUch  ore  zone  also 
iron  and  carbon  dioxide.  It  is  probable  that 
tho  iron  and  carbon  dioxide  were  present  in  the 
solutions  that  produced  the  alteration  in  other 
zones  but  not  in  sufficiont  quantity  to  be  added 
to  tho  rock.  The  fact  that  tho  solutions  re¬ 
moved  neither  silica  nor  alumina  might  well  in- 
dicato  that  they  were  not  doficiont  bi  thoso  sub¬ 
stances. 

AXTEHATIOir  OF  LAVAS. 

The  lavas  have  suffered  extensive  alteration 
in  several  arca.s,  ospocially  along  tho  base  of 
the  San  Francisco  Range  neai’  Frisco  and  in 
tho  central  portion.®  of  the  Beaver  Lake 
Mountains  and  of  tho  southwcstcra  San 
Francisco  Rimgo. 

Tho  characteristic  alteration  of  tho  lavas  is 
a  pronounced  scricitization  and  sUieification. 
In  the  early  stages  the  dark  silicates  alter  to 
chlorite  and  carbonate  and  in  advanced 
stages  magnesium,  calcium,  and  sodium  arc 
largely  removed.  In  e.xtreme  phases  of  altera¬ 
tion  tho  resultant  rock  is  composed  essentially 
of  quartz,  andalufiite,  and  sericite.  Andalusito 
does  not  appear  in  tho  rock  so  long  as  feldspar 
is  present.  Apparently  mica  formed  so  long 
as  tho  rock  con  gained  sufficient  sodium  or 
potassium  to  «X)mbine  with  tho  alumina  set 
free  by  tho  breaking  down  of  the  feldspars, 
and  only  when  the  feldspar  hod  entirely  altered 
did  further  removal  of  tho  bases  result  in  the 
fonnation  of  atidalusitc. 

Tho  following  tables  give  a  partial  analyses  of 
tho  lavas  in  differeni  stages  of  alteration  and 
tho  mineral  composition  calculated  from  the 
analyses : 
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'•"■"lotion  l»vo  beou  greatly 
I  changed.  These  diffcieucea  are  especially  well 
shown  around  the  stock  in  the  San  Francisco 
jHange.  .Marmarbeation  is  the  cliaracteristic 
alteration  on  the  north  .side  of  the  stock  and  is 
important  at  some  points  along  the  soutli  side, 
out  at  others  on  the  south  side  contact  .silicates 
make  up  the  bnlk  of  the  rock.  Tlie  inamiari- 
zation  seems  to  have  been  the  earliest  effect  of 
the  intrusion,  the  recrystiillization  of  the  lime¬ 
stone  being  due  largely  to  the  heat  of  tho  in¬ 
trusive  material,  and  tiie  silicate  zones  seem  to 
have  been  produced  slightly  later,  when  the 
outer  portion  at  least  of  the  stock  had  solidi¬ 
fied  and  the  solutions  from  ilcep-seated  sources 
wore  directed  into  certain  parts  of  tho  lime¬ 
stone  through  fi.ssure.s. 

The  character  of  the  silicate  zones  was  in¬ 
fluenced  to  an  important  c.xtcnt  by  the  original 
composition  of  tlio  limestone.  Diopside  and 
tremolite  are  abundant  where  the  rock  was 
notably  magnesian,  and  garnet  is  moro  char- 
acteri.stic  whore  it  was  more  purely  calciiun 
carbonate.  At  some  points,  however — notably 
in  tho  Rocky  district,  whore  iron  ore  has  re¬ 
placed  limestone — the  original  material  has 
beou  ver}'  largely  removed. 

In  large  part  the  minerals  of  the  contact  zone 
are  contemporaneous,  thougl^  in  places  tho  con¬ 
tact  silicates  are  cut  by  veins  composed  of 
quartz,  sulphides,  magnetite,  and  even  of  feld- 
.spar.  Distinctly  later  than  the  contact  sili¬ 
cates  are  veins  composed  largely  of  mixgncsite 
(NlgCOa)  and,  near  the  iron  deposits  in  the 
Rocky  Range,  veins  of  tho  rare  mineral  thau- 
masite  (3CaO.SiOj.SOj.CO,. 1 5lLO). 

Away  from  the  igneous  contact  silicates  de- 
crea.se  and  carbonates  increase,  though  rdong 
fractures  the  silic.atcs  are  i)roseut  for  a  con¬ 
siderable  distance  and  grade  into  veiiw  where 
the  alteration  of  tho  wall  rock  is  chiefly  silici- 
fiention.  Tho  width  of  the  silicate  zone  is  very 
variable.  South  of  tho  stock  in  the  Smx  F ran- 
ci.sco  R>mgo  it  has  a  maximum  width  of  fully 
one-fourth  mile  from  on  exposed  contact,  but 
at  other  points  it  is  only  a  few  yards. 

The  minerals  forming  tho  zone  as  already 
noted  vary  gienUy  from  place  to  place.  They 
include  garnet  (grossulante  and  aiidradito 
molecules  ore  present  in  varying  amount), 
diopside,  tremohte,  vesuviamte,  muscovite, 
enidote,  chlorite,  fluorite,  quartz,  colcite,  spcc- 
1  ularite,  magnetite,  p>Tlte,  and  cholcopyrite. 


I.  Quartz  Uiita  near  saininit  of  Beaver  T-ike  Afoiintain 
nefti  ofO.  K.  mine  (specimen  187).  B.  0.  Weils, anal wt. 

J.  Altered  volcanic  rock  from lidce  north  of  0.  K.  mme 
iipwdnini  189).  Georijo  Steiger,  analyst 

1.  Bighly  altered  volcanic  took  from  ridgo  west  of  0.  K. 
niino  (tpet'Unen  193).  It.  C.  Wells,  analyst. 

4.  Utite  nnrtheaat  of  Frisco  (apecimen  20).  George 
Steijer,  tnalyst. 

Mineralogically,  alteration  of  llm  lava,  espe- 
cUUv  in  its  earlier  stages,  shotvs  many  siml- 
lirilies  to  that  of  the  quartz  inonzonito. 
Cliemically,  it  far  more  closely  resembles  the 
rwults  of  weathering,  whero  the  change  is  the 
result  of  a  progressive  leaching  of  the  different 
dements  with  no  notable  additions.  Tlie 
fh!cf  mineralogic  difference  is  that  the  minerals 
Vo  hydrated  in  the  weathered  rock  but  are 
2nhydrou.«  in  tho  altered  lavas. 

alteration  of  sedimentary  rocks. 

^terntion  of  the  .seilimentary  rocks  adjacent 
lo  Ihc  quartz  monzonite  bodies,  commonly 
<i*’->ignatcd  contact  alteration,  differs  greatly  in 
*Jificront  rocks  and  from  point  to  point  in  the 
‘Vne  rock.  Commonly  quartzite  and  shales 
comparatively  slight  change  and  lime¬ 


stone 


more  extensive  alteration. 


ma;iy  localities  the  limestone  has  been 
mormorized,  but  at  others  both  its 
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Molyhtleaitp,  spluil.jritc,  /rnrl  galena  arc  rather 
rare. 

jVnalyscs  of  specimens  that  represent  changes 
that  have  taken  i)laco  in  the  nUerotion  are 
given  on  pages  170. 

Jn  comparing  the  aiialj'scs  of  the  limestones 
to  determino  the  changes  that  have  taken 
place  in  alteration  it  is  necessary  to  consider 
changes  in  the  volume  and  the  density  of  the 
rock.  1 1  has  not  been  shown  positively  whether 
the  volume  has  inereascAl  or  decreased  as  a  re¬ 
sult  of  alteration,  hut  it  is  believed  that  tne 
change,  if  any,  has  been  slight.  'Hie  change 
ui  density,  ns  shovm  by  tho  specific  gravity  of 
tho  roclis,  has  been  considerable.  If  the  vol¬ 
ume  is  assumed  to  have  been  constant,  the 
amount  of  addition  or  subtraction  of  the  sev¬ 
eral  oxides  can  be  detcrmiuerl  by  calculating 
tho  amount  of  each  i)r«)ftiil  in  a  given  volume 
of  rock.  (Sec  p.  170.)  'Fhe  changes,  of  course, 
differ  at  practically  every  point.  Some  of  the 
more  important,  however,  doubtless  apply 
witli  varying  intensity  in  all  parks  of  the  zone 
and  repi'csont  tho  general  change  that  bos 
taken  place.  Generally  .spoaldng,  silica  shows  a 
marked  inerense,  tho  addition  to  each  of  the 
two  highly  altered  rock.s  being  almost  identical. 
iVJumina  and  fenic  oxide  also  show  a  marked 
inerousc;  tho  amount  of  each  added  to  the  dif¬ 
ferent  rocLs  dilTers,  but  the  sum  of  the  tv\'o  is 
more  nearly  equal.  Ferrous  oxido  is  not  im¬ 
portant  in  cither  the  mialtcrrd  or  altered  rock. 
Magnesia  shows  a  decronso,  but  this  can  not  be 
certainly  ascribed  to  alterations,  for  tho  origi¬ 
nal  magnesia  content  varies  sliarply  within 
very  short  disbuicxs.  Calcium  shows  a  slight 
ilecrcaso  in  both  of  tho  altered  rocks,  and 
carbon  dioxide  is  practically  absent  from  both. 
Copper,  zinc,  arid  lend,  and  probably  small 
amounts  of  other  metallic  clemouta  have  been 
added.  Sulphur  has  been  addinl,  and  in  some 
parts  of  the  zxuic  potassium  has  been  notably 
added,  as  indicated  by  tho  presence  of  musco¬ 
vite.  To  sum  up,  it  seems  vciy  certain  that 
there  have  been  important  additions  of  silica, 
alumina,  ferrous  oxide,  sulphur,  copper,  and 
zinc,  and  lesser  additions  of  potassium,  man¬ 
ganese,  and  other  metals.  It  is  logical  to 
assumo  that  these  substances  were  Ciintained 
in  the  solutions  entering  tho  limestone  sup¬ 
posedly  from  a  crystalU/iug  magma. 


COHPAMSOX  OF  ALTERATIOK  OF  DIFFERENT  RINBs 
OF  ROCK. 

'riie  solutioivs  that  cfTected  the  olteration  In 
tho  quartz  monzoiiire  probably  contaLiiod  silica, 
pobissium,  iron,  sulphur,  copper,  and  carbor. 
dioxido,  and  possibly  alumina.  Tho  solutions 
that  effected  tho  alteration  in  the  limestone  con- 
tamed  silica,  nlumina,  ferrous  oxide,  sulphur, 
copper,  zinc,  potassium,  and  other  substances 
in  minor  amount.  'The  similarity  of  tho  solu¬ 
tions  seoms  in  accord  with  tho  belief  that  they 
had  a  common  origin  and  that  they  wore  given 
off  by  a  cr^'stnllizing  magma. 

The  altered  volcanic  rock  in  the  areas  of 
o.xtensivo  metamorphisra  shows  no  important 
additions  of  substances  but  rather  a  progres¬ 
sive  leaching.  This  would  seem  to  indicate 
that  the  solutioius  differed  from  those  affeetiiig 
the  quartz  monzonito  and  adjacent  sedimen¬ 
tary  rocks  and  may  have  been  ordinaiy  ntraos- 
pheric  wntem.  Such  waters,  heated  by  the 
intrusion  of  tho  quartz  moruonite  magma, 
might  bo  expected  to  produce  an  alteration 
chemioally  similar  to  but  minernlogically  dif¬ 
ferent  from  weathering. 

QBE  PEPOSITS. 

MI  N  ER  A  LIZ.\TIOX. 

The  ore  deposits  of  the  San  Francisco  region 
aro  believed  to  bo  of  essentially  the  same  ngo, 
tho  deposition  of  all  the  ores  closely  following 
tho  intrusion  of  the  quartz  monzonito.  The 
marked  dillercncx^  in  the  deposits  are  probably 
due  cliieOy  to  tho  character  of  tho  rock  in 
which  the  deposits  were  formed;  to  distance 
from  tho  intrusive  body,  wduch  affected  tho 
temperature  and  pressure;  and  to  the  time  of 
formation,  tho  solutions  in  tho  later  part  of 
the  general  period  of  miuernllzatioii  probably 
beuig  of  somewhat  different  composition  from 
those  that  w’ere  uctivo  at  its  begiiunng. 

INFLUENCE  OF  ROCK  TYRES, 

The  character  of  the  rock  in  w'hich  the  de¬ 
posits  wore  formed  was  doubtless  one  of  the 
more  important  factora  in  detormining  tho 
general  t^qjo  of  the  deposit. 

DEPOSITS  nr  QUARTZ  NONZOHITK. 

The  quartz  monzouite  has  been  minenili^ 
at  numerous  localities  in  tho  region,  but  so  -tr 
mineralization  has  been  shown  to  be  extensive 


SAN  FFANCTSCO  AND 

ftt  only  two  plrtccs— in  tho  Cactus  oro  /.nno  in 
Coopor  Oiilcb  (sec  PI.  XLI,  B)  nnd  in  tlie 
0  K.  oro  zone  in  tho  Beaver  Lake  district. 
Cliamcteristically  the  deposits  can’y  copper 
and  some  gold  and  silver,  though  some  veins 
carrying  galena  have  been  opened. 

In  botii  zones  tlie  depo.sils  are.  nssociated 
with  fractures  along  which  there  has  been  a 


Fmcss  M.— Ccrrrsltv'il  stnra'in'am  sliowing  itaa  rel&tion  of  puginatJlie 
and  altorod  and  mlccntUiod  qunrtz  mauznnilo  In  llio  0.  K . 
Bint.  1,  rir«  ot  pacmnclllo  quarU;  3,  Bl(«red  quurU  inonzoailc;  3, 
qocru  monzsnite;  4,  hIcti-Rrndo ore. 

hrecoilition  of  the  rock  but  probably  not  ex¬ 
tensive  dLsplacenicut.  Tho  deposits  nro  more 
or  less  chunuoy  shaped,  especially  the  O.  K. 
deposit,  which  consists  of  a  central  '‘chimney" 
of  pegniatitic  quartz  surrounded  by  altered  and 
tniviondized  quartz  monzonite.  (See  fig.  54.) 
In  the  Cactus  ore  zone  the  ore  and  ganguo  min- 
I'rals  arc  deposited  in  spaces  ho  tween  corroded 
fragments  of  tho  quartz  monzonite.  In  both 
2ones  tho  structural  relations  indicate  that  the 
spaces  occupied  by  the  ore  and  gangue  min¬ 
erals  were  formed  Largely  by  tlie  solution  of  tho 
rock  in  the  early  stajjes  of  mineralization  and 
not  by  djmamic  movement. 

In  theO.  K.  dop  osittlio  solutions  were  appar¬ 
ently  roliilivoly  confined,  and  the  di.s3olviug 
*ctioii  was  strong,  resulting  in  tho  formation 
a  more  or  less  cylindrical  channel  with  a 
^'aximum  dimension  of  fully  100  feet,  now 
Wlcd  with  quartz,  .some  of  whose  individual 
*^>ystHls  have  a  diameter  of  lO  inches  nnd  n 
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length  of  2  feet.  Tlio  body  as  a  whole  strik- 
iDgly  resembles  a  coarse  pegmatite,  tliough  no 
feldspar  or  mica  are  present.  Sidphides  are 
abundant  in  the  main  chimney  onl}'  locallv,  ns 
in  the  ore  body  on  the  second  level,  where  bv 
enrichment  they  form  high-grade  ore.  They 
nro  much  more  abundant  in  the  small  veins 
of  quartz  extending  from  the  main  mass  into 
the  adjacent  rock.  The  characteristic  primary 
minerals  in  the  O.  K.  deposit  ore  quartz, 
uhiJcopyTite,  and  pjTite  with  molybdenite  in 
relatively  small  amount.  .-Vn  aplitic  rock, 
probably  a  dike,  exposed  in  tho  bottom  of  the 
shaft,  contains  chalcopyrito  and  moli'hdcnitc, 
apparently  as  original  constituents. 

Tho  Cactus  oro  zone  contains  tho  minerals 
foimd  in  the  O.  K.,  nnd  also  homatito,  magnet¬ 
ite  (?),  tourm.‘dine,  sideritc,  onhydrito,  and 
barite  in  important  amounts.  The  sctiucuce 
of  dcpo.sition  is  rather  definite.  Tlio  oiirlicst 
effect  of  the  ore  solutions  was  tho  sericitiz.a- 
tion  of  tho  quartz  monzonite  and  the  deposi¬ 
tion  of  quartz,  chalcopyrito,  nnd  pyidto  and 
small  nmomits  of  hematite  and  tourmalino  in 
tho  wall  rock.  This  was  followed  hy  the 
deposition  of  hematite  nnd  tourmaline  and 
the  continued  deposition  of  quartz  and  tho 
sulphides,  mainly  in  open  si)nc.ps.  Stiff  later 
deposition  in  the  oixai  spaces  consisted  mainly 


of  sideritc,  anhydrite,  and  barite,  together 
with  the  sulphides.  (See  fig.  5.').) 

Tho  earlier  mineralization  of  tho  Cactus  ore 
zone  was  similar  to  that  of  the  0.  U.  ore  zone, 
and  the  final  differences  may  be  duo  to  the 
longer  and  more  varied  mineralization  of  the 
Cactus  zone.  The  later  minerals  are  in  general 
those  that  form  under  conditions  of  less  beat 
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an<]  pressure,  uud  (ho  succession  niij'ht  natur¬ 
ally  bo  attribuleil  to  a  griuliml  rctluction  of 
tho  heat  and  pressure  in  tho  zone.  Opposed 
to  this  hypothesis,  however,  is  the  presence  of 
anhydrite,  which,  dilTcre.ntly  from  most  salts, 
decreases  in  solubility  with  ineronsc  in  toni- 
peraturo  and  naturally  wouhl  not  precipitate 
from  a  cooling  solution.  Liridgrcn*  says: 
“It  i.s  suggested  as  a  possibility  that  during 
the  later  part  of  minendization  the  anhydrite 
was  precipitated  by  a  reaction  between  ascend¬ 
ing  solutions  of  sodium  sulphate  and  descend- 
ing  solutions  containing  calcium  carbonate. 

Tho  formation  of  haritc,  anhydrite, 
and  other  sulphates  as  primary  inirierals 
in  oro  deposits  is  <liscussed  on  page  184. 

It  is  concluded  tliaf  at  comparatively  low 
temperature  they  may  form  from  igneeus 
emanations. 

DEPOSITS  m  SEDIMBITTARY  ROCKS. 

CONTACT  l>KI’OSIT.=l. 

Tlic  typical  coutact  deposits  occur  os 
very  variaI)!o  replue«unciits  of  the  I’une- 
storio  near  tho  quartz  rnonzoiiito  in  a  zone 
differing  grc.atl3'  in  tl:ickne.ss.  In  most 
places  tho  replacement  censisfs  Ini-gely  of 
lime  and  magnesian  silicaU'swith  variable 
nmoimts  of  sulphides,  but  looall  v,  as  at  the 
Old  Hickory  mine,  it  consists  largolj-  of 
magnetite. 

Tho  primary  contact  deposits  are  of  low 
grade  and,  o.xcept  in  tho  magnetite  zones, 
have  been  little  mined,  production  coming  ^ 
mauiU''  from  tho  oxidized  zone.  (Seep. 523.) 
Chai-actori.stically  they  oarrj'  copper,  though 
other  metals  are  present  and  iron  maj'  form 
an  iiupoi'tnut  commercial  constituent. 

RKPLACKJJKNT-PtHSU^K  DEPOSITS. 

In  mostmassive  limestones  replacement  along 
fissures  is  rather  uniform  in  the  different  beds, 
producing  a  tabular  deposit  parallel  with  the 
fi.s.sure.  Where  the  sediments  differ  in  physical 
character  and  in  chemical  composition,  how¬ 
ever,  the  ore  deposition  extends  out  from  the 
fissure  in  particular  beds  for  considerable 
distances  but  leaves  udjimcut  beds  largely 
unaffected.  This  selective  replacement  is 
probably  due  in  part  to  physical  and  in  part  to 
chemical  differences  in  tho  beds. 

Tho  tabular  development  Is  perhaps  be.st 
shown  in  the  Mammoth  mine  deposit  in  the 

>  Mndtirv.n,  \V.ild<>niar,  Anliydrll*  tu  iv  iuigau  utlncrul:  Kcoii.  Ceol- 
og>',  vol.  5,  p.  son,  1910. 


mas.sivo  Topaclio  limestone,  which,  though  it 
shows  a  pronounced  swelling  or  extension  in 
some  beds,  also  rojilacos  the  interv’cning  beds 
to  a  considerable  extent. 

Replacement  tJong  particular  beds  is  well 
shown  In  tho  HuiTiogtori-nickory  mine  and 
ui  tho  mines  in  tho  limestone  underlying  the 
Mowitza  shale,  especially  tho  Rod  Warrior 
and  ifoscow  inLucs,  in  wliich  the  replacement 
I  LS  almost  e.xclusively  along  certam  bods,  the 
'  resultant  deposits  forming  chimneys  that 
follow  tho  intorsectiou  of  tho  oro  fissure  and 
j  the  replaced  bod.  (See  fig.  5G.)  In  the  de- 


Fioubj!  w.— Suireognm  sbowliig  oro  spool  boixath  sbala.  Tlio  lUsi 
lollows  Iho  (nionscrtlon  ol  ih*  oro  floiira  ond  tho  llmoslono  btd  ooalli 
Ibo  sliale.  The  oro  molin  oitl  from  the  Cuuro  along  the  llistsUiiii!  hrd 

posits  underlying  the  Mowitza  shnlo  tho  reason 
for  this  selective  deposition  seems  to  be  largely 
physical.  In  tho  shale  the  fissures  are  “tight” 
and  relatively  impci'vious;  and  tho  ore-bearhig 
solutions,  rising  till  they  came  to  tho  stricture, 
were  forced  to  spreail  out  and  replace  tne 
more  permeable  uuderlyiug  bods.  A  similar 
formation  of  oro  bodies  beneath  shale  beds 
has  been  noted  in  several  localities  in  the 
West.  In  the  liaiTiiigton-IIickoiy  mine  the 
chemical  composition  of  tlie  betls  has  undoubt¬ 
edly  influenced  the  form  of  the  deposit.  The 
series  is  mado  up  of  intorbedded  hmestone, 
quartzite,  and  siliceous  shales  and  limestone^. 
The  main  ore  deposition  has  been  in  the  lime¬ 
stone,  tho  siliceous  beds  being  very  slight  ) 
replaced.  The  characteristic  alteration  of  the 
hmestone  adjacent  to  tho  fissures  is  silioifij^ 
tion.  The  most  important  metals  of  I  ^ 
class  of  deposits  are  loud  and  silver, 
some  zinc  and  copjicr  are  present.  The  e 
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nosits  hftvo  undcrgono  extensive  secondary 
iJtcratici;i. 

transition  deposits. 

Deposits  that  may  bo  considered  transitional 
are  formed  like  the  replacement-fissure  de¬ 
posits,  ns  a  replacement  of  limestone  along 
fissures,  but  involve  the  formation  of  contact 
noiiierals  such  as'  garnet,  magnetite,  fluoiite, 
and  muaco\'ito.  These  deposits  occur  at  no 
great  distance  from  the  igneous  rock.  Such 
deposits  are  present  in  the  Wild  Bill  and  Hub 
mines,  where,  in  fact,  they  merge  into  true  con¬ 
tact  deposits.  The  Harringtou-Hickory  and 
Moscow  mines  may  al.so  be  considered  of  this 
type,  for  they  contain  contact  mmerals  in  con¬ 
siderable  amount,  though  as  contrasted  with 
the  Wild  Bill  and  Hub  ni'mes  they  resemble  the- 
replacement-fissure  type  rather  than  the  con¬ 
tact  type.  Though  the  replacement  deposits 
in  sedimentary  rocks  are  confined  mainly  to 
the  limestones  or  highly  calcareous  sediments, 
some  ore  ocenm  as  a  replacement  of  quartzite 
and  liie  general  relations  are  similar  to  those 
of  the  deposits  in  limestone. 

UlNEnAXAZATlOir  m  LAVA  FI.OW& 

GENERAL  CnARACTEII. 

Mineralization  of  coiomercial  importance  in 
iho  volcanic  rocks  is,  so  far  as  known,  confined 
to  two  deposits  on  the  eastern  flank  of  the  San 
Francisco  Ban  go — the  Horn  Silver  and  the 
Beaver  Carbonate. 

The  deposits  are  replacement-fissure  veins 
in  wliich  the  ore  and  gangue  minerals  in  part 
filled  open  fissures  and  in  part  replaced  the 
brecciatod  rock  adjacent  to  tho  fissures.  In 
tlio  Horn  Silver  deposit  tho  ores  occur  in  and 
adjacent  to  a  strong  north-south  fault  wlioso 
displacement  exceeds  1,600  foet,  L\  the  Beaver 
Carbonate  deposit  they  lie  along  an  east-west 
fault  of  undetermined  displacement. 

Tho  alteration  of  the  wall  rock  adjacent  to 
the  deposits  varies  considerably.  In  the  Horn 
Silver  deposit  tho  less  intense  alteration  causes  I 
ascricitization  of  tliolavas,  and  the  most  intense 
results  in  replacements  by  a  finely  crystalline 
quartz  containing  rather  abundant  pjTito  and 
some  barite.  Tho  almost  complete  siliclfication 
t>f  the  rock  extends  100  to  125  foot  from  the 
fissure  and  in  depth  persists  beyond  tho  lowor 
of  the  oro  bocUcs.  (See' PI.  XLII.)  The 


limestone  winch  forms  the  footwoll  of  the 
deposit  has  boon  but  slightly  silicified.  The 
alteration  seems  to  have  afloctcd  mainly  the 
permeable  brecciated  lavas  and  to  have  chan»'cd 
tho  massive  limestone  but  httlc. 

In  tho  Beaver  Carbonate  mine,  on  the  other 
hand,  tho  wall  rock  shows  much  less  intense 
alteration.  The  honiblondc  has  been  chloritized 
and  tlio  plagioclaso  partly  aericitized,  bub  the 
orthoclaso  and  hiotilo  show  little  alteration. 

ORE  MINERALS. 

hi  the  Horn  Silver  deposit  tho  principal 
primary  oro  minorala  are  galena,  pjrite,  and 
sphalerite,  and  tho  lcs.s  important  are  sulph- 
antimonides  and  sulphai’scuidos.  Tho  oro  min¬ 
erals  occur  almost  entirely  as  a  rcphicomont 
'  of  the  volcanic  rocks  and  are  boheved  to  be 
Kcsentially  contemporaneous  in  origin.  The 
important  primary  ganguo  materials  ai-o  quartz, 
barito,  and  tho  altered  country  rock. 

In  tho  Boavor  Carbonate  mine  Iho  primniy 
ore  minerals  aro  galena,  pyrito,  and  spholorito, 
and  tho  principal  ganguo  materials  aro  carbon¬ 
ate,  quartz,  and  tho  altored  country  rock. 
(Ticrty  quartz,  sulphides,  and  calcito,  deposited 
in  general  in  tho  order  uamod,  fill  tho  open 
spaces  between  the  breccia  fragments.  The 
periods  of  deposition  are  not  sharply  defined, 
however,  as  some  sulphide  was  deposited  with 
tho  quartz,  some  calcito  with  tho  sulphides,  and 
a  little  quartz  with  the  calcito. 

OaiCIN  OF  THE  ORES. 

All  the  ore  deposits  of  the  region,  are  boheved 
to  have  been  formed  during  tlie  same  general 
period  by  solutions  having  a  common  origin. 
This  community  in  ori^n  is  indicated  by  the 
similarity  of  tho  solutions  that  effectoil  the 
alteration  in  the  quartz  monzouito  and  in  the 
contact  zones  in  tho  limestone,  and  by  the 
fact  that  tho  contact  dopewit-s  grade  into  the 
roplacoraeut-fissure  deposits  in  tho  sedimentary 
rock.  Tho  commmiit)^  of  these  solutions  J^d 
those  that  formed  tho  deposits  in  tho  extrusive 
rocks  is  less  clearly  showm  but  is  strongly  sug¬ 
gested  by  tho  general  relations  of  the  deposits. 
.4  long  finger  extends  from  tho  main  body  of 
the  quartz  moiizonite  tow’ard  the  Horn  Silver 
deposit,  and  is  said  to  roach  tho  Horn  Silver 
fault  on  the  eleventh  level.  Tho  Beaver  Car¬ 
bonate  mine  is  also  in  line  with  tho  eastward 
extension  of  tho  quartz  monzonite  body 
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fho  fissures  may  logically  lie  supposwl  to  reach 
that  rock  at  depth;  ui  fact  it  scorns  liighly 
probflblo  that  the  lissuriiig  was  the  result  of 
the  intrusion.  The^so  relations,  though  by  no 
moons  coTiclusivo,  certainly  suggest  a  genetic/ 
connection.  Such  a  connection  for  similar  de¬ 
posits  is  also  shown  in  the  Maiysvale  district 
to  tho  cast. ' 

That  tho  solutions  affecting  tho  rocks  at 
difl'erent  points  were  exactly  tho  sarno  does  not, 
however,  seem  probable.  As  the  solutions 
traverao  the  rock  they  are  constantly  taking 
up  and  depositing  material;  and  a.  solution 
deficient  in  a  particular  element  at  one  point 
may  bo  rich  in  that  element  at  some  other 
point.  DifTerences  in  tho  character  of  the  rock 
and  in  tho  temperature  and  pressure  may  also 
affect  tho  solutions  by  checking  or  hastening 
deposition.  For  example,  in  the  contact  zones 
the  solutions  deposited  copper  and  iion  sul¬ 
phides  and  only  small  amounts  of  l^ad  and 
zinc  sulphides;  but  in  the  rcplaceinent-fissure 
deposits,  farther  from  the  intrusive  mass  and 
xmder  conditions  of  less  heat  and  pressure, 
they  deposited  lead  and  zinc, 

Tho  origin  of  the  ore-bearing  solutions  is  not 
susceptible  of  positive  proof,  but  certain  facts 
incliciiLe  that  the  quartz  monzonite  magma  was 
theii'  original  source.  Tire  solutions  consisted 
either  of  meteoric  waters  that  collected  their 
metal  content  from  the  roclcs  through  which 
they  cii-ciilated,  or  of  magmatic  waters  that 
already  contain  the  metallic  elements  in  solu¬ 
tion,  or  of  both.  Either  of  them  may  have  been 
heated — as  the  depositing  solutions  unques¬ 
tionably  were;  the  magmatic  solutions  would 
naturally  bo  heated,  and  the  meteoric  watem 
might  be  honted  by  contact  with  the  intrusive 
roclcs.  Which  of  them  furnished  the  deposits 
or  was  dominant  in  furnishing  them  can  be 
inferred  from  the  character  of  the  deposits. 

The  quartz  monzonite  (see  p.  612}  contains 
aplitic  dikes  whose  composition  and  relations 
indicate  that  they  are  tno  siliceous  differenti¬ 
ation  products  of  the  quartz  monzonite.  In  the 
bottom  of  the  0.  K.  shaft  what  appeam  to  be 
an  aplitic  dike  contains  chalcop}nito  and 
molybdenite  os  original  constituents  of  the 
rook,  thus  seeming  to  indicate  that  the  sul¬ 
phides  were  relatively  abundant  in  the  sili¬ 
ceous  differentiation  product  of  the  magma. 

I  ilutUw,  D.  fl.,  mid  Clale,  Tl.  !*.,  AlunHu,  tv  Dowly  dl'>«vert;d  deiMSlt 
nefirM:ir)''iv:i/f,  Ufiihi  L'.S,  Gpol,  Siirvi>y  Boil,  .^It,  1911, 


In  tho  same  mine,  the  “chimney”  of  quartz 
with  sulphides  of  copper  and  molybdenum, 
which  forms  tho  “ore  channel,"  has  every 
appearance  of  a  coarse  pegmatite,  and  it  seems 
reasonable  and  logical  to  consider  this  a  further 
stage  in  the  differentiation  of  tho  magma.  As 
the  same  solutions  that  cairied  and  deposited 
the  pegraatitic  quartz  undoubtedly  deposited 
the  ore  minerals  in  (his  quartz  and  altered  the 
suiTounding  rock  and  deposited  tho  sulphides 
in  it  they  were  probably  a  differentiation  of  the 
quartz  monzonite  magma. 

TTio  similarity  of  the  Cactus  deposit  to  that 
of  the  0.  K,  mine  leaves  no  room  for  doubt  that 
the  solutions  had  a  similar  origin,  though  (hey 
passed  thi'ough  a  more  varied  cycle  of  physical 
conditions,  the  later  minerals  of  the  Cactus 
deposit  not  having  been  formed  in  the  0.  K. 
deposit.  Moreover,  the  presence  of  tourmaline 
and  copper  minerals  intimately  associated  with 
an  aplitic  dike  on  Black  Mountain,  south  of 
the  Cactus  deposit,  point  to  tho  same  conclu¬ 
sions  concerning  the  origin  of  the  solutions  for 
this  and  for  the  0.  K.  deposit. 

That  tlie  ores  were  deposited  during  the  gen¬ 
eral  period  of  igneous  activity  of  wkich  the 
intrusion  of  quartz  monzonite  is  one  phase  is 
indicated  by  the  presence  of  dikes  of  kersan- 
tito  cutt'mg  the  ore  body  of  tho  Cactus  mine. 
These  dikes  are  believed  to  represent  .s  Into 
stage  iri  the  differentiation,  probably  closely 
follovcing  tho  deposition  of  the  ores. 

In  tho  sedimcntaiy  rocks  the  evidence  as  to 
the  origin  of  tho  solutions  is  most  conclusive 
for  tho  contact  deposits.  The  very  close  asso¬ 
ciation  of  the  contact  ores  with  the  quartz 
monzonite  is  in  itself  suggestive  of  genetic  re¬ 
lation,  At  the  immediate  contact  at  some 
points  a  blending  of  the  quartz  monzonite  and 
the  altered  limestone  cionnotes  a  transition 
fi'om  minerals  characteristic  of  the  one  to 
minerals  characteristic  of  tho  other.  This 
condition  is  most  readily  explained  by  assum¬ 
ing  that  the  altering  solutions  were  given  off 
by  the  igneous  body.  It  is  most  natural  (^ 
extend  this  explanation  to  similar  deposit^s 
where  the  relation  is  less  close  and  the  solutions 
may  have  been  of  a  deeper-seated  origin.  Fur¬ 
ther,  small  fissures  that  were  opened  in  th® 
altered  limastone,  probably  soon  iffter  the  in¬ 
trusion,  in  the  readjustment  of  stresses,  con¬ 
tain  veinlets  or  dikelets  of  quartz,  foldsimr, 
magnetite,  and  sulphides.  Tliese  do  not  diner 
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^ullv  ill  composition  from  llie  aplillc  dikes  1 
^  the  quartz  monzonito,  and  it  is  most  iiattiral  j 
to  suppose  that  they  hud  a  .similar  origin  — 
that  is,  that  the^^  wore  a  diilereutiation  from  ' 
the  quartz  monzonito  magma  and  indicate  the  j 
^vingoff  of  solutions  competent  to  effect  the 
existing  alteration  of  the  limestones.  The 
similarity  in  tho  composition  of  the  solutions 
(bat  elTecteil  the  alteration  in  tho  quartz  mon- 
•//aiite  and  in  tho  limestone  also  points  to  a 
common  origin. 

The  close  relation  between  the  different 
types  of  deposit  in  the  sedimentary  rocks  in¬ 
dicates  a  similar  origin  for  each  t}q)o,  and  it  is 
believed  that  the  metal  content  of  nil  the 
deposits  was  derived  from  the  quartz  inon- 
zonitc  magma,  though  it  is  entu’ely  possible 
that  meteoric  waters  may  have  played  some 
oart  in  the  formation  of  deposits  at  a  distance 
from  the  intrusive  body. 

Ill  metal  constituents  tho  deposits  in  the 
lava  (lows  arc  similar  to  the  roplacement-fisRure 
deposits  in  limestone,  both  types  being  chnr- 
ucteristically  leixd-silver-zinc.-copper  ores  with 
very  little  gold.  The  general  relations  of  the 
ons  in  the  lava  to  those  in  the  intrusive  rock 
suggest  derivation  from  tho  quartz  monzonite 
magma  and  agrees  with  obseiwations  in  other 
districts.  Such  an  origin  for  the  deposits  in 
this  region  has,  however,  not  been  positively 
demonstrated. 

SECOXDARY  ALTEHATIOX  of  OBF.S. 


GSmBKAL  FACTORS. 


The  change  pi’oduced  in  tho  mineral  deposits 
of  tliia  region  by  the  action  of  surface  solutions 
has  been  an  important  though  variable  element 
ui  the  production  of  the  ore  deposits  as  they 
now  e.vist.  It  is  a  stinking  fact  that  some  of 
the  deposits  have  been  but  little  affected  by 
Web  alteration,  though  the  character  pf  ncigh- 
*irmg  deposits  has  been  completely  changed. 

The  Secondary  alteration  has  been  dependent 
levcral  factors,  among  the  more  important 
of  which  are  tho  position  of  the  grountl-wnitcr 
1^1  the  rapidity  of  erosion,  the  physical 
aarseter  of  the  deposit,  and  the  mineral  com- 
P®*ibon  of  the  deposit.  .VU  these  factoi-s  have 
otthtlesa  had  some  effect  on  each  of  tho  dc- 
hut  in  several  of  tho  deposits  some  one 
notor  seems  to  have  been  dommant. 


WATER  LEVEL 

riie  position  of  tlio  ground-water  level  has 
largely  determined  tlie  limit  of  secondary 
alteration  in  the  ore  bodies,  for  alteration  has 
probably  not  c.Klended  very  far  below  this  level, 
though  if  given  sufficient  time  it  would  reach 
(his  level  regardless  of  other  conditions.  Other 


rmvRC  *3  — T>i«pMii  fbowioc  Uio  rrlaloa  of  Mcooibo'  ollonUun  (o 
omUrvf  at  on  Imly  Mil  to  Icvol  Is  Son  Fronciscu  and  adjocont 
diftrlcU. 


factors  have  boon  of  great  importance,  how¬ 
ever,  in  determining  the  rate  of  alteration. 

Tho  water  level  has  been  determined  in  but 
few  mines  of  tho  district.  Figure  67  shows  the 
elevation  above  sea  level  of  the  outcrop  of 
se.voral  of  tho  deposits,  tho  lower  limit  of  im¬ 
portant  secondaiy  alteration,  and  the  upper 
limit  of  tho  ground-water  level  (the  actual 
position  may  bo  considerably  lower). 

It  is  not  likely  that  tho  water  level  has  re¬ 
mained  constant  for  long  periods  in  the  past. 
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In  fact,  there  are  good  reasons  for  believing 
that  it  has  been  botli  lilghcr  and  lower  than 
it  is  now.  The  beaches  of  the  old  Lake  Bonne¬ 
ville  are  about  750  feet  above  the  present  siu’- 
face  of  Sevier  Lake.  On  the  other  hand,  tne 
great  alluvial  cones  at  the  mouths  of  the  valleys 
upon  which  the  Bonneville  beaches  were  depos¬ 
ited  testify  to  a  long  period  of  aridity  preceding 
the  Lake  Bonneville  epoch,  and  it  is  not  un¬ 
likely  that  at  that  tiino  the  water  level  was 
lower  than  at  present. 

The  inability  to  determine  the  position  of  the 
water  level  in  the  past  makes  it  impossible  to 
determine  accurately  the  relation  of  the  water 
level  to  secondary'  alteration,  but  it  is  prac¬ 
tically  certain  that  in  some  of  the  deposits 
secondary  alteration  has  never  reached  the 
ground-water  level  even  in  its  highc-st  stages. 
This  is  especially  true  of  the  Cactus  mine, 
where  the  water  level  in  Lake  Bonneville  time 
must  have  been  considerably  below  the  present 
zone  of  alteration,  and  it  is  doubtless  true  of 
the  Iloni  Silver  mine  also.  On  the  other  hand, 
at  the  Harrington-PIickory  mine  o.xidized  ores 
are  present  on  the  sixth  level,  100  feet  below 
the  prcsent  position  of  the  ground  water,  in¬ 
dicating  a  lower  water  level  at  an  earlier  period. 

Tho  Onrbonato  niino  is  tho  only'  one  in  tho  re¬ 
gion  where  tho  present  water  level  and  the 
zone  of  oxidation  show  a  close  relation.  In  that 
mine  the  water  level  is  but  slightly  below  the 
surface,  and  this  has  prevented  any  e.xtensive 
alteration  of  the  ore  body. 

EROStOK. 

The  rate  at  which  the  surface  is  lowered  by 
erosion  may  bo  iinportiuit  in  determining  the 
extent  of  the  zone  of  alteration,  for  if  erosion 
is  sufficiently  active  the  altered  rock  may  be 
removed  almost  as  rapidly  as  it  is  formed. 
There  is  little  doubt  that  erosion  is  lowering 
tlie  surface  in  the  San  Francisco  Range  more 
rapidly  than  in  some  other  parts  of  the  urea. 
From  this  it  is  to  be  expected  that  the  zone  of 
alteration  will  be  thinner  in  the  Son  Francisco 
Range  than,  for  instance,  in  the  Beavor  Lake 
Range;  and  comparison  of  the  very'  similar 
Cactus  and  O.  K.  deposits  proves  this  to  be  the 
COSO.  As  will  be  shown  later,  however,  it  is 
thought  that  the  shallowness  of  tho  zone  of 
alteration  in  the  Cactus  mine  is  due  in  part — 
possibly  in  large  part — to  causes  other  than 
rajiid  erosion,  although  its  situation  in  the 


bottom  of  Cop[>er  Gulch  is  favorable  to  rapid 
erosion. 

PHYSICAL  OHAHAOTER  OF  DEPOSITS. 

It  is  readily  apparent  that  tho  physical  char¬ 
acter  of  a  deposit  will  have  an  important  in¬ 
fluence  on  the  rate  at  which  it  will  yield  to 
secondary  alteration.  A  massive,  dense  de¬ 
posit  or  one  for  some  other  reason  rclativelv 
impervious  to  solutions  must  necessarily  alter 
more  slowly  than  an  open,  porous  one,  other 
conditions  being  equal.  As  examples  of  this 
difference  may'  bo  cited  massive  garnetiferous 
deposits  like  that  of  the  Imperial  mine,  which 
have  suffered  relatively  superficial  altenition, 
and  more  open  fissure  deposits  like  some  of 
those  in  the  Star  district,  which  have  been 
altered  for  at  least  severnl  hundred  feet  below 
the  outcrop.  The  influence  of  the  physical 
condition,  however,  mayr  bo  offset  b\'  other 
factors,  as  in  the  Cactus  deposit,  w'hich  although 
open  and  readily  permejible  has  been  only 
superficially'  altered. 

MEKEELALOOIC  CHARACTER  OF  DEPOSITS. 

The  mineralogic  character  of  a  deposit  may 
be  important  in  deterraming  both  the  rate  and 
the  chai’acter  of  secondaiy  alteration. 

ALTKlJATtO.V  IN  QUARTZ  MONZOKITE. 

Ill  the  O.  K.  depasit,  to  a  depth  of  fully  200 
feet,  the  sulphides,  pyTite  and  chalcopyrite. 
are  altered  mainly  to  hydrous  iron  oxide  and 
in  relatively  slight  degree  to  copper  carbonates, 
except  in  tho  low'er  part  of  the  zone,  where 
the  carbonates  become  abundant.  Underly¬ 
ing  this  zone  of  hydrous  iron  oxide  is  a  zone 
of  enriched  sulphides  (covellite  and  cbalcocite) 
replacing  chalcopyrite  and  pyidte.  Beneatn 
the  enriched  sulphides  arc  primary  sulphides. 

In  the  Cactus  mine  there  is  u  shallow'  zone 
in  W'hich  tho  sulphides  havo  been  altered  to 
hydrous  oxides  of  iron  and  carbonates  of  copper, 
the  copper  minerals  being  relatively  abundant 
and  the  ore  show'ing  little  loss  in  copper  con¬ 
tent.  Dhectly  beneath  the  zone  of  oxide  and 
carbonate  are  primary  sulphides.  No  en¬ 
riched  sulphides  are  present. 

There  seems  to  be  nothing  in  the  physical 
character  of  the  deposit  or  in  the  position  of 
the  W'atcr  talile  to  account  for  this  differencc- 
The  relative  sliallow'ncss  of  the  zone  of  oxides 
and  carbonates  in  the  Cactus  deposit  roig  f 
be  explained  by  the  more  rapid  erosion  of  t  ® 
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outcrop;  but  tills  in  no  wise  e.xplams  the 
absenc®  of  enriched  sulphides.  The  cause  for 
(be  differences  must  bo  sought  in  the  mineral 
composiiioit  of  the  ores. 

The  minerals  of  theO.  K.  deposit  aroiuniiil}' 
chdlcopyrite  and  pjTilo  in  a  ganguo  of  quarU 
ami  miiscovite  (sericite).  The  C^actus  deposit 
contains)  in  addition,  important  amounts  of 
carbonates  (calcium,  magnesium,  iron,  and 
mrtugnnese)  hematite,  tourmaline,  and  lesser 
aiuounts  of  anhydrite  and  barite.  There  is  no 
rousc.n  for  believing  that  the  hematite,  toim- 
ruulinc,  anhydrite,  or  barite  have  affected  no- 
lablv  the  alteration  products  resulting  from 
o.xidalion  of  tho  sulphides.  The  carbonate, 
however,  seems  to  have  been  an  important 
fiielor. 

In  the  O.  K.  deposit  the  alteration  maybe  as¬ 
sumed  to  have  taken  place  in  the  generally  ac¬ 
cepted  manner,  namely,  pyrito  was  o.xidizcd  to 
sulphuric  acid  and  ferrous  sulphate,  and  chal- 
ropjTite  to  cuprous  and  ferrous  sulphate.  The 
ferrous  sqlphate  upon  further  oxidation  yielded 
ferric  sulphate,  which  in  turn  formed  hydrous 
oxide  and  sulphui'ic  acid,  and  the  acids  thus 
formed  assisterd  in  the  further  oxidation  of  the 
sulphide.  The  copper  and  iron  sulphates  were 
curried  to  lower  portions  of  the  ore  bod}',  where 
ibe  reducing  effect  of  the  sulphides  on  the  solu¬ 
tions  caused  the  precipitation  of  the  copper  and 
formed  tho  zone  of  enriched  sulphides. 

In  the  Cactus  deposit  the  sulphuric  acid  re- 1 
suiting  from  oxidation  of  p}'Tite  reacted  with 
‘he  carbonate  gangue  to  form  sulphates  of 
lime,  magnesia,  and  iron.  The  relatively 
stable  lime  and  magnesia  sulphates  were  de¬ 
posited  or  carried  out  of  the  ore  zone,  and  tho 
•mo  sulphate  in  turn  broke  down.  Tliis  pro- 
ctss  removed  the  acidic  radical  in  the  oxida¬ 
tion  process  either  by  depositing  it  as  sulphate 
Or  by  removing  it  in  solution.  The  copper  sul¬ 
phate  reacted  with  the  carbonate,  yielding  cop- 
P«r  carbonate  and  sulphates.  The  relatively 
stable  copper  carbonate  remained  in  the 
®*id«tion  zone.  So  Ion"'  as  it  was  abundant  it 

O 

prevented  the  migration  of  the  copper  sulphate 
solutions  to  tho  zone  where  the  copper  con¬ 
tent  would  bo  deposited  as  sidphide.  1 1  scemSj 
^‘•reforo,  tliat  the  abundant  carbonate  gan^e 
,  been  tho  controlling  factor  in  preventing 
.  formation  of  a  zone  of  enriched  sulphide 
*0  tho  Cactus  deposit. 


6EDIMKXTARY  ROCKS. 

Contact  dcponits. — Oxidation  in  the  contact 
deposits  has  generally  been  relatively  shallow 
and  consists  conimoidy  in  tho  formation  of  car¬ 
bonates  and  hydrous  oxides  and  secondary  sul- 
pliides  apparently  in  a  manner  similar  to  that 
in  the  Cactus  deposit.  Whore  calcite  was  an 
important  gangue  mineral  carbonates  resulted; 
where  the  contact  silicates  wero  tho  main 
gangue  copper  migrated  downward  and  formed 
enriched  sulphides.  In  the  subsequent  oxida¬ 
tion  of  tho  enriched  sidphidcs  tho  oxide  of  cop¬ 
per  is  a  common  product.  Much  of  tho  ore 
thus  far  extracted  from  the  Contact  zones  has 
bc^m  considerably  enriched  by  these  secondary 
processes. 

Replacernenl-fissvre  deposeils. — Tho  replaco- 
inenl-fissure  deposits  have  been  extensively  al¬ 
tered  and  primary  ores  are  exposed  in  relatively 
few  places  in  tlio  area.  Probably,  however, 
they  consisted  of  sulphides  of  lead,  zinc,  iron, 
and  copper  in  a  ganguo  of  calcite  and  quartz 
and  in  some  places  of  contact  silicates. 

The  oxidized-oro  minerals  are  mainly  limo- 
nitc,  conisite,  small  amounts  of  copper  and 
zinc,  usually  ns  carbonates,  and  still  smaller 
nnu)unts  of  sulphates,  including  imglesilo  and 
the  more  complex  jarosile  and  plumbojarosito. 

The  change  that  has  taken  place  has  been 
essentially  from  galena  to  anglesito  and  later 
to  cenisite,  which  is  the  common  lead  mineral 
of  oxulized  ore,  or  to  some  extent  has  combined 
with  h-on  in  the  complex  sulphate  plumhoja- 
rosite.  Pyrite  has  altered  to  liraonite,  and 
chelcopyi'ite  to  limonite  and  copper  carbonate. 
In  some  places  jarosite  has  apparently  been  an 
intermediate  product  between  iron  sulphide 
and  limonite.  Zinc  is  present  to  some  extent 
in  the  oxidized  ores  os  smithsonite  and  cala- 
I  mine  but  has  been  largely  removed  from  the 
upper  portion  of  tho  ore  body. 

In  general  it  may  be  said  that  lead,  iron,  and 
copper  have  migrated  otdy  slightly  and  that 
sulphur  and  zinc  have  been  largely  removed. 
Zinc  has  possibly  been  deposited  at  greater 
depth  as  carbonate  and  silicate. 

ACTERATIOX  IX  LAVA  7IiOW3. 

Zones  of  alteration.— Horn  Silver  and 
Beaver  Carbonate  mines  are  the  two  important 
deposits  thus  fur  developed  within  the  lava 
flows.  In  the  Beaver  Carbonate  mine  the 
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outcrop;  explains  the 

absence  of  enriched  snlphidca.  I'lie  cause  for 
the  differences  must  bo  sought  in  the  minend 
corapcsitinu  of  tho  ores. 

The  minerals  of  the  O.  K.  deposit  arc  mainly 
chalcopvrite  and  pyrito  in  a  ganguo  of  quartz 
and  muscovite  (sericite).  The  Cactus  deposit 
contains,  in  udditiou,  important  amourit.s  of 
enrbonaies  (calcium,  magnesium,  iron,  and 
nian^onese)  hematite,  tourmaline,  and  lesser 
amounts  of  iiiihydrito  nnd  barite.  There  is  no 
roason  for  believing  that  the  hematite,  tour¬ 
maline,  anhydrite,  or  barite  have  affected  no¬ 
tably  the  alteration  products  resulting  from 
oxidation  of  the  sulphides.  The  carbonate, 
however,  seems  to  have  been  an  important 
factor. 

In  the  0.  K.  deposit  the  alteration  may  be  u.s- 
suraed  to  have  taken  place  in  the  generally  ac¬ 
cepted  manner,  namely,  pyrito  was  oxidized  to 
sulphuric  acid  nnd  ferrous  sulphate,  and  chol- 
copjTite  to  cuprous  and  ferrous  sulphate.  The 
ferrous  sulphate  upon  further  oxidation  yielded 
ferric  sulphate,  which  in  turn  formed  hydrous 
oxide  and  sulphuiuc  acid,  and  the  acids  thus 
formed  assisted  in  the  further  oxidation  of  the 
sulphide.  The  copper  and  iron  sulphates  were 
carried  to  lower  portions  of  the  ore  bod}^  where 
the  reducing  effect  of  the  sulphides  on  the  solu- 
lionaoau.sed  the  precipitation  of  the  copper  and 
formed  tho  zone  of  enriched  sulphides. 

In  the  Cactus  deposit  the  sulphuric  acid  re- 
sullbg  from  o.vidatiou  of  pyrite  rejicted  with 
ihs  carbonate  gangue  to  form  sulphates  of  * 
hiue,  magnes'ui,  and  iron.  The  relatively 
stable  lime  and  magnesia  sulphates  were  de- 
pesited  or  carried  out  of  tho  ore  zone,  nnd  the 
iron  sulphate  in  turn  broke  down.  This  pi'o- 
c«ss  removed  tho  acidic  radical  in  the  oxida¬ 
tion  process  either  by  depositing  it  as  sulphate 
or  by  removing  it  in  solution.  Tho  copper  sul¬ 
phate  reacted  with  the  carbonate,  yielding  cop¬ 
per  carbonate  and  sulphates.  The  relatively 
•table  copper  carbonate  remained  in  tho 
oxidation  zone.  So  long  as  it  was  abundant  it 
Provented  tho  migrntion  of  the  copper  sulphate 
“lutions  to  the  zone  where  the  copper  con- 
b®t would  be  deposited  as  sulphide.  It  seems, 
jiioreforo,  that  the  abundant  carbonate  gangue 
l>een  the  controlling  factor  in  pre-venting 
1*18  formation  of  u  zone  of  enriched  sulphide 
®  the  Cactus  deposit. 


SSDIMKNT.VBY  nOCK9. 

Contact  dcpo.rifs.— Oxidation  in  tho  contact 
depo.sits  has  generally  been  relatively  shallow 
and  consists  comniordy  in  tho  formation  of  car¬ 
bonates  nnd  hydrous  o.xides  and  secondary  sul¬ 
phides  apparently  in  a  manner  similar  to  that 
in  the  Cactus  deposit.  Where  cnlcito  was  an 
important  gangue  mineral  carhonnU>8  resulted; 
where  the  contact  silicates  wore  the  main 
gangue  copper  migrated  downward  and  formed 
enriched  sulphides.  In  the  subsequent  o.xida- 
tion  of  tho  enriched  sulphides  the  oxide  of  Clip¬ 
per  is  a  common  product,  bfueh  of  the  ore 
thus  fur  extracted  from  tho  (fontact  zones  has 
been  considerably  enriched  by  these  seeondai'y 
processes. 

Rtplacfmenl-fismre  deposiUi. — ^'fhe  veplace- 
mcnt-fi.S8ure  deposits  have  been  extensively  al¬ 
tered  and  primaiy  ores  are  exposed  in  relatively 
few  places  in  tho  area.  Probably,  however, 
they  consisted  of  sulphides  of  loud,  zinc,  iron, 
and  copper  in  a  gangiio  of  cidcito  nnd  quartz 
nnd  in  some  places  of  contact  silicates. 

The  oxidized -ore  minerals  are  mainly  luno- 
nitc,  ccrusitc,  small  amounts  of  copper  and 
zinc,  usually  us  carbonates,  and  still  smaller 
amounts  of  sulphates,  including  nnglcsite  and 
the  more  complex  jarosite  and  plumhojarosito. 

The  change  that  has  taken  place  has  been 
essentially  from  galena  to  anglesit-e  and  later 
to  cerusite,  which  is  the  common  lead  niinoral 
of  oxidized  ore,  or  to  some  extent  has  combined 
with  iron  in  the  complex  sulphate  plumboja- 
rosite.  Pyrite  has  altered  to  limouite,  and 
chnlcopyrite  to  limonite  and  copper  carbonate. 
In  some  places  inrosito  has  apparently  been  an 
intermediate  product  between  iron  sulphide 
and  limonite.  Zinc  is  present  to  some  extent 
Ln  the  oxidized  ores  as  smithsoiiite  and  cala¬ 
mine  but  has  been  largely  removed  from  the 
upper  portion  of  the  ore  body. 

In  general  it  may  be  said  that  lead,  mon,  aud 
copper  have  migrated  only  slightly  and  that 
sulphiu'  and  zinc  have  been  largely  removed. 
Zinc  has  possibly  been  deposited  at  greater 
depth  ns  carbonate  nnd  silicate. 

ALTEnATlON  I.V  L.AVA  VLOWS.  ^ 

j  Zones  of  nlteraiion. — ^Tho  Horn  Silver  and 
!  Beaver  Carbonate  mines  are  the  two  import-ant 
deposits  thus  far  developed  within  the  lava 
I  flows.  In  the  Beaver  Carbonate  mine  the 


OnE  DEPOSITS  01-  UTAH. 


524 


water  table  i-s  near  the  surface  and  ore  shows 
comparatively  slight  ulteriition.  In  the  Horn 
Silver  deposit  the  water  table  is  deep,  and 
alteration  has  been  an  important  factor  in  the 
formation  of  the  ore  body. 

In  the  Horn  Silver  mine  the  important 
primary  minerals  of  the  main  ore  body  arc 
galena,  sphalerite,  and  pyrite,  small  amounts 
of  jamesonito  or  some  closely  allied  mineral, 
chalcopyrite  and  possibly  other  copper  min- 
erolfl,  argentite,  and  pjTargyrite  or  some  min¬ 
eral  closely  allied  to  it.  Sonie  relatively  small 
bodies  (notably  to  the  north  of  the  main  shoot 
on  the  seventh  level)  consist  mainly  of  pynte 
with  small  amounts  of  the  other  minerals. 

The  enricl'.cd  sulphide  /.one  consists  of  the 
secondary  copper  minerals,  covellite  and  chal- 
cocite,  and  the  zinc  sulphide,  wnirtzite,  and  of 
the  primary  minerals  in  variable  amounts. 

In  the  oxidized  zone  the  recognized  lejxd 
minerals  are  anglesite,  ceruaite,  plumbojaro- 
site,  beaverito,  linarite,  and  bindheimite.  Zinc 
occurs  as  smithsonile,  calamine,  and  goslarite; 
copper  ns  brochantite,  malachite,  ozurite, 
chrj'socollu,  and  clndcnnthite,  and  in  lead- 
copper  minerals;  silver  »is  cerargyrite;  and  iron 
and  manganese  as  lij’drous  oxides.  The  char¬ 
acteristic  features  of  tlio  oxidize<!  zone  jire  (he 
great  predominance  of  sulphates,  the  small 
amount  of  oxidized  zinc  ore,  and  the  small 
amount  of  oxidized  copper  ore,  except  imme¬ 
diately  above  the  secondary  sulphide  ore. 

Oxidized  zom, — Galena,  when  acted  on  by 
surface  waters,  was  altered  to  anglesite,  and 
as  this  mineriJ  is  relatively  insoluble  there 
was  little  migration  of  (ho  lead.  Some  of  the 
anglesite  was  subsequently  altered  to  cerusite 
hut  not  in  important  amounts,  us  indicated  by 
the  following  analysis  ‘  of  n  representative 
sample  of  the  ores  from  the  upper  Ica'cIs: 

of  Bam  Sllccr  urc, 

IS.  D.  N>w*l>orTy,  tinnlysi.) 

per  c«nl. 


Silica . 15.17 

Sulpluto  of  barium . If) 

Sulphate  of  Ica<l . 7-1.61 

S4siqiuoxide  of  iron .  4. 80 

Sesquioxide  of  aUimina .  1  71 

Sulpliidoof  antimocy . 87 

Sulphido  of  araeiiic . .  i  12 

Limo  and  ntagimia . . 

Carbonic  ocid .  /-o 


Silvt-r  (by  fire  aupoy,  7R.33  founrw]  p4ir  Ion). 

>  ilookor,  W.  .V.,  ncporl  lo  tho  Silvor  Mining  Co.,  iwn. 


No  zinc  waa  found ;  tho  quantity  is  certainly  verv small 
ami  did  mH  rliow  il«df,  although  a.sp<Hi.il  detcrminaiioa 
wad  made  (o  lun-crlaio  it.  The  tnotallic  lend,  ataonic,  anj 
antimony  in  the  ora  are  on  {ollowo:  Lead,  50  DO  per  cent- 
arsenic,  0.0.1  per  tent;  antimony,  0.26  per  cent.  The 
amount  of  moialure  in  tho  ore  i»  very  aniall,  the  c.vera'nj 
of  tho  run  of  mini?  being  h-rs  than  3  5  por  cent,  aad  the 
farni)lo  aindy/.cd  above  ha<l  been  llioroughly  <lried. 

To  a  rclativol.y  slight  extent  lend  entered  the 
complc-x  sulpliutes  beaverite  and  plumbojaro- 
site. 

Sphalerite  was  likewise  oxidized  to  the  sul¬ 
phate,  and  this  highly  soluble  material  was 
latgel}’  removed  from  the  oxidized  zone.  The 
movement  of  the  zinc  is  amply  exemplified  at 
tho  present  time  in  tho  lower  levels  of  the  mine 
where  the  surfaces  of  zinc  ore  are  frequently 
covered  with  festoons  of  goslarite.  To  a  slight 
extent  sraithsonito  and  calamine  were  formed 
and  remained  ui  the  o.xidizcd  zone.. 

llie  copper  minerals  in  (he  zone  of  oxidation 
were  formed  from  the  alteration  of  the  rich 
sulphide  ores.  Chidcocito  and  covellite  idter 
to  brochantite,  which  is  the  important  copper 
mineral  of  the  zone;  and  the  brochantite 
apparently  commonly  ulteis  in  turn  to  the 
soluble  sulphate,  which  is  carried  out  of  the 
zone;  and  thus  the  oxidized  copper  ores  are 
kept  close  to  the  sulphides.  To  a  slight  e.xtent 
the  brochantite  alters  to  carbonate  and  silicate, 
but  these  are  appiU'entl}'  eventually  acted  on 
by  acidic  solutions  and  the  copper  removed,  ns 
indicated  by  their  scarcity  in  the  upper  parts 
of  tho  ore  body. 

The  silver  in  the  argentiferous  galonu  and 
in  other  minerals  commonly  combines  with 
chlorine  (probably  derived  from  tho  salts  of 
the  desert)  and  forms  cerargyrite.  silver 
chloride  is  onlj'^  slightly  soluble,  there  has  been 
little  migration  of  sUver. 

Pyrito  hifs  probably  altered  to  ferrous  sul¬ 
phate  and  sulphuric  acid.  The  foiTOUs sulphate 
in  part  may  have  altered  to  ferric  sulphate  and 
eventually  to  limonite  and  sulphuric  acid.  In 
part  feme  sulphate  evidently  combined  viih 
other  metals  to  form  tho  relatively  msohible 
basic  feme  sulphates.  These,  however,  even¬ 
tually  broke  down,  and  limonit<;  may  have  been 
a  resulting  produc  t.  Much  of  tho  ii’on  has  been 
removed,  probably  u.s  tho  sulphate.  This  re¬ 
moval  is  espia  ially  evident  w'here  argeutiferoui 
pyrito  has  been  altered,  tho  resultant  rook  be¬ 
ing  a  cellular  mass  in  wdiioh  the  cavutics  retain 
tho  form  of  tho  altered  pyrito  crystals. 


■p  s.  SURVEY 


PROFESSIONAL  PAPER  111  PLATE  Xl.zn 


A,  PHOTOMTCnOGR.VPIl  OF  SPECIMEN  OF  ZINC  SULPHIDES  FROM  THE  HORN  SlLVFJl  MINE. 


LigUt  areas  in  ^iccUon;  dark  areas,  caluou;  gray  orens^  rise  milphidcs.  Enlarged  -13  diamot4:ra. 


photomicrograph  Ob’  SAME  SPECIMEN  AS  THAT  SHOWN  IN  A  TAKbJ<  WITH  I-HOSSIO)  NICOLS. 

■  ivniv  jirruN.  Huhulcf^tO. 
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SAX  l-nAXCISUO  AXn  ,U)JACEXT  districts. 


J^nnc^itd  mlphide  zone. — In  ^'-ono  of 

sulphido  cnrielunent  the  copper  niiuerahs  have 
foriuetl  as  a  replacement  of  pyiif^?,  sphalerite, 
uTUlzito,  and  galena.  Tho  copper  entered 
tbs  zone  as  sulphate  derived  from  the  altera¬ 
tion  of  copper  minerals  above,  snd,  reacted 
mth  tho  anjphidt's  forming  zinc  and  iron  sul¬ 
phates  that  migrated  to  some  distance.  The 
lead  sulphate,  on  the  other  hand,  apparently 
reniaiiu'd  very  close  to  its  plw;e  of  formation. 
It  is  probable  that  some  of  the  lead  sulphate 
of  tho  higher  zone  \va,s  ]ik«'%visc  formed  by  the 
naction  of  the  copper  sulphate  with  galena 
rather  than  by  simple  oxidation.  It  is  equally 
probable  that  some  of  the  zinc  and  iron  sul¬ 
phates  were  formed  by  the  reaction  of  lead  and 
copper  sulphates  with  sphalerite  and  pyrito 
rather  thou  by  oxidation. 

Tho  rich  zinc  ores  are  those  in  which  wurtzitc 
is  relatively  abundant.  They  are  largelj- 
confined  to  breccia  zones  os-sociated  with  faults, 
in  which  tho  wurtzitc  very  commonly  surrounds 
centers  of  sphalerite  or  fills  spaces  between 
sphalerite  grains.  (See  Pis.  XLII,  XLIIl.) 
Tnesc  relations  suggest  that  the  zinc  sulphate 
solutions  working  do^^■nwal•d  along  the  more 
open  channels,  namely  the  brocciated  areas, 
deposited  their  zinc  content  .nround  the  sphal- 
eiito  grains.  The  crystallographic  chanveters 
of  the  two  sulphides  of  zinc  arc  very  similar, 
and  it  seems  probable  that  in  man}'  places 
the  sphalerite  hsis  controlled  tho  erystalliza- 
lion  of  the.  wrirtzito.  No  example  of  any 
sulphide  being  replaced  by  wurtzitc  has  been 
noted,  and  it  seems  likely  that  its  formation 
is  not  roinparable  to  that  of  coveUitc  os  a  re¬ 
placement  of  sphalerite  or  pyrito.  Most  likely 
it  is  precipitated  by  hydrogen  sulphide,  proba- 
bly  b3-  a  method  suggested  by  ^Vllen  and 
Croashaw,- 
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Three  investigators  find  that  so  far  o.^ 
toi  rained  wurtzitc  is  always  deposited  from 
an  acidic  solution.  In  the  oxidation  of  the 
sulphides,  ineludiug  pyriti*,  free  sulphuric  acid 
Lsformed.  nils  reacts  in  pivrtwithsphalerife  to 
form  zinc  sulphate  and  hyckogen  sulphide 
with  these,  passes  in  solution  into  tho  sulphide 
zone.  By  reaction  with  the  mhicrals  the  free 
*9  used  up  and  the  acidity  reduced, 
causing  the  hydrogen  sulphide  in  the  solutions 
!  to  precipitate  part  of  the  zinc  from  tho  sulphate 
solution  as  wurtzitc.  That  the  precipitation 
proi-ceds  much  more  slowly  than  that  of  the 
copper  sulphides  is  indicated  by  the  much 
gi-eatcr  vertical  extent  of  the  zone  of  enriched 
zinc,  sulphide. 

In  some  of  the  zinc  ores  galena  has  been 
deposited  in  both  sphalerite  and  wurtzitc, 
practically  certaiuly  as  a  replacement  rather 
than  a  simple  filling  of  fissures.  It  is  not 
believed  that  this  alteration  has  resulted  in 
any  important  concentration  of  lend,  but  it 
may  have  been  important  in  the  alteration  of 
the  zinc  sulphides— that  is,  the  zinc  sulphate, 
may  have  been  formed  in  part  by  the  Toa<  tion 
of  zinc  sulpliide  with  haid  sulphate,  rather  than 
by  simple  oxidation,  or  the  action  of  sulphuric 
acid  or  copper  sulphate. 

No  favorable  opportunity  was  observed  for 
the  study  of  secondary  silver  sulphides,  anti 
they  are  cot  believed  to  be  important,  though 
they  were  probably  formed  to  some  extent. 

Clian^e  in  vietaUic  content. — Alteration  of  the 
ores  has  worked  a  change  in  the  metallic  con¬ 
tent  which  has  been  important  in  determining 
the  commercial  value  of  the  deposit. 

A  record  of  the  ore  rainc-d  and  the  metal 
content  by  levels,  kept  for  years  by  the  Horn 
I  Silver  Mining  Co.,  is  shown  in  the  follo>ving 
I  tables: 


Partial  remrd  by  UvtU  oj  art  and  il»  metal  conUnt  taken  from  the  Hum  SiUtT  mine. 


Total  ore. 

Lead. 

Silver. 

Gold. 

Copper. 

Civc. 

Fiwt  levci 
>^ynd  lovc-l.... 

level... 

level... 

Ton*. 
2,88S.»38 
18,263.751 
47,667  aiS 
31.  TI&.  30 
5,351.818 
4. 140.  49 
69.  GG7. 526 
2G,  796. 815 
53,  620.  409 
10, 959. 103 

Ton*. 
1,33:1.204 
5,644. 161 
18, 173.  67 
12,  7»4. 4(1(» 
2, 335.  78 

1, 363.  S9 
26, 221.  84 

8.  564. 314 
IS,  327. 163 
3. 09.').  835 

Onnoei. 

68, 161.28 
982,  94.3  71 

1,  730. 093.  09 
1. 062.  7.M.  91 
M».  129. 87 
181.717.43 
1,  .823, 067. 08 
831, 493. 05 
1,635,203.  26 
250,  823.  24 

Ounces. 

14.  S77 

"  ■ . 1 

iva  7.vi 
306.713 
622.051 
953.238 

Pounds. 

24a  63-  ^ 
1,540.  885.98 
858,  433.  28 
1,  464, 249.  62 

Swenih  level... 
level.... 

. 

268,  080.  59 

08,150.415  8,875,377.92 

1,375.631 

4, 112, 249.  88 

'•‘•nni  E.T.,M4rrM'^h'v»-.J.I».Tlio'siil|)hMesotilDc  ndmhim  and n'.jrcuo:  •''•If'V'saslIInf form «n<1 

J*.  t-pl  m-i.  Tbm  raodor  Is Vefaitod  U,  ps^r  to  a  dlscoaloa  of  Uio  sj  oUieUc  formuttoo  of  Um 


sine  iiApbl<lat. 
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Pa'Lial  re(or<l  by  k'Ms  of  Ujid,  app^'r^  siher,  ctndpoi'l  taka',  front  Ute  Flom  SilvtT  mine. 


Lead. 

Silver. 

Gold. 

Copper, 

Per  cent. 
46.  37 

36.  97 
3S.  12 
40.  32 
43.  45 
32.  94 

37.  63 
31.  91 
34'.  IS 
28.  24 

Oz.  per  ten. 
23.  04 
64.  39 
3fi.  29 
33.  19 
20.  20 
•13.  88 
26,  16 
31.  02 
28.63 
22.  88 

Oz.  per  ton. 
0.  00515 

Per  cent. 

.002,565 
.on-M 
.00973 
. 03223 

0.  17.^ 
2.  875 
,80 
6.GS 

36.  61 

,  005131  1  . 7669 

Unfortunately  some  of  the  figures  in  these  j 
tables  seem  to  represent  the  level  from  which 
the  ore  was  hoisted  rather  than  that  from 
wliich  it  was  extracted.  For  example,  the 
copper  ore  that  is  shovm  in  the  tables  as  coming 


from  the  ninth  level  is  stated  in  another  part 
of  the  company’s  report  to  have  come  from  (he 
seventh  and  eighth  levels. 

The  following  table  shows  the  metal  content 
of  several  lots  of  ore  taken  from  the  mine: 


Jfflal  coTUcnl  nf  some  ores  from  the  flnm  Sili-er  mine. 


1 

2 

3 

4 

5 

0 

7 

Gold . 

0  013 

0.  ooo 

0.  oon 

0,013 

Silver . 

78. 33 

51.00 

6.  50 

5.  59 

2.  SI 

10. 

r:8?Bd . 

. nercrut.. 

60.90 

43,50 

8 

10 

9.  41 

17.  41 

11.6 

Zinc . 

0.00 

0. 00 

40 

35 

35.  40 

20.7 

Iron . 

. do.... 

3  36 

(*) 

4 

0 

6. 

(a) 

(aj 

6.3 

Silica . 

16.7 

{») 

20 

V^) 

35.4 

Sulphur . 

. do _ 

(f 

28 

16 

(“) 

(aj 

IS.  0 

CoDDcr . 

. flo. .  .  - 

. 

23.7 

•*  Not  rviJOrUnl.  ^  Not  o.siimiUiHl. 


1.  Oxidized  orea  Awily^i'S  from  rci>ort  by  W.  A.  Hooker, 

2.  Averapo  of  all  ores  to  300-f«)t  leeel  08  determined  by  Hooker. 

3.  Average  yield  «f  OOO  tonn  oi  zinc  ore  from  aevonth  level.  EnmioiiH,  S.  F.,  Am.  Inst.  Mia.  Eng.  Traas.,  vol.  SI, 
p.  G68,  1902. 

4.  Approximate  avenge  of  zinc  ora  from  700-foot  level,  by  M.  C.  Morris,  general  nianager.  The  aiilphiiria  evidently 
too  low,  u  it  is  not  eiiillcieiit  to  combine  with  ihc  moiala  to  form  aulphiden,  though  Ihie  aualvdie  aume  nracticBlIy  to 
100  nod  other  general  auaiyaes  and  the  etndy  of  the  orca  show  that  the  metals  ai'e  present  me  the  aulphidca, 

r>.  Avetitge  of  zinc  ore  shipped  in  IflOo,  {nun  company's  report- 

6,  Average  of  roppor  oro  shipped  in  190-1,  from  company’s  report. 

7.  jWerago  of  shipmont  of  ziuc-lcsd  ore  iroin  900-faot  level;  figures  fumiahed  by  M.  C.  Morris,  genera!  manager. 


So  fur  as  the  statistics  included  in  these  tables 
are  concerned  the  oxidized  zone  mn}'  ho  consid¬ 
ered  as  including  the  first  five  levels.  The  av¬ 
erage  metal  content  recorded  from  these  levels 
is  lead  38.99  per  cent  and  silver  38.63  ounces 
per  ton.  The  average  in  lead  and  silver  of  ores 
hoisted  from  the  ninth  level  Qargcly  primary) 
was  silver  22.SS  omicea  per  ton  and  lend  28.24 
per  cent;  and  the  average  of  certain  shipments 
of  primary  zine-lead  ore  from  the  900-foot 
level  shotvs  silver  10  ounces  per  ton,  lead  1U6 
per  cent,  and  zinc  20  per  cent.  The  average 
of  all  ores  mined  ha-s  been  load  33.61  per  cent 


and  silver  32.04  ounces  per  ton.  It  is  evident 
from  these  figures  that  tho  ores  in  all  ports  of 
the  main  ore  body  show  a  definite  relation  be¬ 
tween  lead  and  silver  content  of  approximately 
an  ounce  of  sUvor  to  ooc’h  f>er  cent  of  lend. 

If  an  ore  similar  in  composition  to  those  of 
the  lower  levels,  which  are  regarded  as  essen¬ 
tially  priinai-y,  should  have  all  tho  zinc  sul¬ 
phide  and  a  part  of  tho  non  removed  and  the 
sUica  content  reduced  to  15  per  cent  (aa  low  as 
that  in  the  analysis  on  p.  624)  the  resulting 
product  would  be  comparable  to  the  average 
of  the  oxidized  oro.  It  is  evident,  therefore, 


AVAH  W’AH  RANGE. 


(hat  the  lead  and  silver  content  of  ore  in  the 
oxidized  zone  has  been  materiidly  incroHsed  by 
the  process  of  alterat  ion  and  that  the  zinc  and 
copper  havo  boon  largely  reinovod. 

In  the  relatively  small  silver-ore  bodi'>s  there 
has  been  a  marked  increa-so  in  silver  content, 
due  to  the  removal  of  iron  sulphide. 

In  the  zone  of  sulphide  enriehmont  the  zinc 
content  of  rnuch  of  the  ore  has  been  raised  from 
probably  20  to  2.5  per  cent  to  35  per  cent  or 
more.  This  increase  has  boon  duo  to  an  addi¬ 
tion  of  zinc  sulphide  and  possibly,  to  a  lesser 
axtent,  to  the  removal  of  other  tonstitncnls. 

jVs  the  primary  ore  carries  only  a  small  per- 
centage  of  copper,  there  ha.s  evidently  been  a 
marked  addition  of  this  metal  in  the  enriched 
sulpiiide  zone. 

In  the  rich  zinc  ores  there  h«vs  been  a  relative 
decrease  in  lead  due  to  the  addition  of  zinc,  so 
that  these  ores  contain  a  lower  percentage  of 
li'ad  than  either  those  of  the  primary  zone  or 
the  oxidizt'd  zone. 

The  proeeas  of  alieration  ha.s  resulted  in  the 
enriehinent  of  the  oxidized  zone  in  silver  and 
lead.  Primary  ores  only  moderately  rich  in 
these  metals  have  been  changed  to  high  gi'adc. 
lu  the  zone  of  sulphide  enrichment  material 
that  was  too  low  in  zinc  to  be  profitably  mined  | 
under  ordinary  conditions  and  material  that 
contained  very  littlo  copper  have  been  coa- 
verU'd  into  ores. 

WAH  WAH  RANGE. 

.  By  B.  S.  Botleu.  j 

Tho  following  notes  arc  the  result  of  a  two- 1 
day  reconnaissance  by  tho  author  across  tho 
Woh  Wall  llange  at  Pine  Grove  Canyon  and  at 
Wah  Wah  Pass.  The  portion  of  the  range 
north  of  the  Wah  Wah  Pass  wns  not  examined. 

'  general  peatuees. 

Tile  Wah  Wah  llange  is  a  prominent  north- 
south  range  of  southwestern  Utah  extending 
from  38®  to  39°  north  latitude.  It  is  the  range 
next  West  from  the  San  Prancisco  Range, 
lying  between  Preuss  or  Wah  Wah  Volley  on 
the  east  and  Sage  Brush  Valley  on  the  west. 
It  attains  elevations  of  9,000  foot  (estimated) 
I’otfor  tho  most  of  its  extent  is  1,000  to  2,000 
flower,  lu  general  its  eastern  slope  is  rola- 
twdy  gcntlo  aud  its  western  slope  abrupt. 
^  range  is  divided  into  two  nearly  equal 
by  the  lev'  Wah  Wah  Pass,  which  is  trav- 
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eracd  by  the  road  from  Newhouse  to  Osrnola 
and  Ely,  Nev. 

Water  is  scarce,  the  supply  being  derived 
from  springs  and  small  streams  that  sink  into 
the  gravels  as  .soon  as  they  leave  the  moun¬ 
tains.  Both  springs  and  limber  are,  however, 
more  abundant  than  in  many  of  the  desert 
ranges.  The  water  supply  for  Newhouse  is 
derived  from  springs  in  the  range. 


GEOLOGY, 


SEOnrEXTAUT  ROCKS. 


The  range  is  made  up  largely  of  sedimentary 
rocks,  though  both  intrusive  aud  C-xtrusive 
rocks  ore  present.  Tlie  lowest  formation  ex¬ 
posed  is  a  muasivo  red  quartzite  which  forms 
a  largo  part  of  the  range  south  of  Pine  Grove 
Canyon  but  wliich  gradually  dips  below  the 
surface  to  tho  northward  and  is  not  present 
north  of  Wah  Wah  Pass.  The  Red  Buttes, 
ju-st  south  of  Wah  Wah  Pass,  at  the  west  base 
of  tho  range,  are  the  most  northerly  portion  of 
the  quartzite  observeti.  Overlying  the  quartz¬ 
ite  in  the  vicinity  of  Pine  Grove  Canyon  arc 
shales  and  shaJy  limestones  with  an  t'stimated 
thicl\ne.ss  of  800  to  1,000  foot.  'Tire  sliale  series 
is  overlain  by  massive  limestone  tuid  dolomifcic 
limestone  having  a  thickness  of  several  thou- 
stxnd  feet.  In  tho  latitude  of  Wah  Wah  Pa.s.s 
and  northward  this  limestone  series  makes  up 
the  bulk  of  the  range. 

Fossils  cellected  from  the  upper  portions  of 
the  limestone  series  on  the  Pino  Grove  road 
and  to  the  east  of  Wah  Wah  Puss  and  from  the 
shale  series  overlying  the  quartzite  in  Pine 
Grove  Canyon  were  reported  or.  by  L.  D.  Bur¬ 
ling  ns  follows: 

Lot  2.— Shalo  Ewics,  Pino  Grove  Cnnyon,  Middlo  Gam- 
brlan,  containing  Plyhoparia  ap.  and  Hnlhyurimia  sp- 
Thia  faana  is  cbaractcrisliv.dly  found  in  limestone  handa 
in  Blm’.o  in  the  lower  part  of  tho  Middlo  Cambrian  only  a 
few  handred  feet  above  the  top  of  tho  qcartwto  Eoriefl,  m 
several  of  the  ranges  of  weatern  Utah. 


The  collections  from  the  limestone  con- 
ined  Crepicfphalus  texanii.'i,  Agraulos  sp.,  and 
iijcliirparia  sp.  Of  these  Mr.  Burling  sa>^: 

The  epecimecs  of  Crtfiktpkalut  toawu  are  hardly  to^ 
.tinstuiOied  fro...  sp^ioK-aa  of  thc-a»«apeci« 

Middle  Cambrian  limealone  in  Taanc^  and 

M.  .«nHi  speck*  Mvur  ia  both  tho  Otr  for.nalion  (UpP^^ 
..nlirian)  and  tlieWeolte  licnwlooe  (Middlo  Cambrian) 

«  Houao  Raneo,  Millard  Cou.d-y.  Utah.  B  » 
tho  Orr  forroation  with  lUaenvnm  and  Uyehasp^ 
«cice  which  aro  absent  in  the  Weeks  formation. 
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The  fossil  evulciico  ui  limestone  unci  snales, 
together  with  compurison  wnth  sections  else¬ 
where,  indicates  tliat  the  limestones  are  pi’oh- 
uhlj'  of  Middle  to  Ui^per  Ciimhriaii  age. 

ia.VF.OL'S  HOCKS. 

EXTRUSIVE  ROCKS. 

jVlong  the  cnstiTii  huse  of  tlie  range  and  c.k- 
tending  partly  up  the  cn-stem  slope  are  heax^r- 
hedded  volcanic  flow's.  South  of  Pine  Grove 
Pass  they  roach  the  summit  of  the  range  and 
apparently  form  a  much  larger  pro]>ortion  of  it 
than  they  do  farther  north.  As  e.xposcd  in 
PlackCnnyon  on  the  PineGrove  Road  the  lowest 
hcils  are  gray  trachy tic-looking  rocks  contain¬ 
ing  rather  ahundant  phenocrj'sts  of  plagioclose, 
honihleiide,  hiotite,  and  a  few'  of  quartz.  The 
groundmass,  forming  a  lai'gc  percentage  of  the 
rock,  is  glassy.  The  composition  is  probably 
that  of  latitc  or  poasildy  aiKk*sitc.  Overh-ing 
the  giuy  lavas  are  flows  that  weather  to  a  dark 
reddish  broivn.  These  contain  a  much  larger 
pro{X>rlion  of  glass  than  the  underlying  lavas 
l>iit  probably  do  not  dilTer  from  it  greatly  ui 
composition.  The  upjx'rmost  flows  observed 
are  rather  fine  grained  andesite  containing 
abundant  phenocrj’sts  of  plagioclasc  and  nugitt 


crjTitiJs  of  plagioi'lfisn  and  aiigito.  Mognetiti?  * 
is  rather  abiuidant.  Tho  rock  is  a  typical 
aiigite  ande.sito. 

INTRUSIVE  ROCKS. 

I^To  large  bodies  of  intrusive  rock  were  ob¬ 
served  or  are  reported  from  tho  iimgo.  Small  ' 
intrusive  masses  were  seen  near  the  sum-  j 
mit  at  Wah  Wah  Piis.s  and  in  Pine  Grove  Can¬ 
yon  ou  tho  w'cat  side  of  the  range  and  are  possi¬ 
bly  present  at  other  places,  fl’he  intrusive  rock 
at  Wah  Wah  Pass  outcrops  as  irregular  masses, 
but  the  dome  sti-ucturc  of  the  range  at  thi.s 
pouit  and  the  alteration  of  the  limestone  sug¬ 
gests  that  miieli  larger  bodies  ai'e  jn-esent  at  no 
great  disUmce  below  the  present  surface. 
The  rock  is  a  dark  fine-grained  porphyry  prob¬ 
ably  of  momsonitic  or  dioritic  composition. 

In  Pine  Grove  Canyon  a  dikeliko  body  of 
granite  porphyry  probably  1,000  feet  wide  is 
exposed  along  the  strike  for  several  thousand 
feet.  It  is  a  fino-grained  rock  containing 
rather  abundiuit  phenocrysts  of  quartz  and 
orthoclaso  and  fewer  of  plagioclase  in  a  ground- 
raa.s3  too  finely  crystalline  for  its  miueml  com¬ 
position  to  be  definitely  determined.  Several 


small  dikes  noted  in  the  Pino  Grove  district  are 
so  higlily  ah  (‘.red  that  theii-  original  composi- 
tion  can  not  bo  determined,  but  in  general  they 
arc  similar  to  the  larger  iuU'usive  body,  though 
some  of  them  at  least  contain  considerable 
hiotite  and  much  less  quartz. 

STRiTcrmiE. 

The  range  is  Ij'pical  of  tho  Ba.sin  Range  type 
of  mountains,  being  composed  of  a  block  that 
has  biHm  faulted  along  its  western  front  and 
uplifted  so  that  tho  beds  dip  cast. 

The  strike  of  the  beds  i.s  hi  general  parnllol 
w'ith  the  range  but  inclined  .sufficiently  to  the 
8onthea.st  to  lift  the  quartzite  from  Wah  Wah 
Pass  to  Pine  Grove  Canyon  several  hundred 
feet  above  the  base  fine  of  the  mountains.  The 
dip  of  the  beds  varies  corunderably;  at  Pine 
Grove  it  is  about  45°,  but  north  of  Wah  Wr.h 
Pass  tho  strata  seem  from  a  distance  to  be 
nearly  horizontal. 

At  Wall  Wah  Pass  the  rocks  have  a  gentle 
dome  structure  which  has  possibly  resulted 
from  the  intrusion  of  an  igneous  mass  that  Is 
just  bchig  uncovered.  The  doming  of  tho 
rocks  has  rendered  them  particularly  suscepti¬ 
ble  to  erosion  at  this  jjohit  and  resulted  in  the 
formation  of  the  low  pass. 

East-west  faulting  was  noted  especially  in 
Pine  Grove  Canyon,  whose  low'er  course  it 
apparently  detorrainea.  The  movement  haa 
apparently  been  at  least  1,000  feet,  witli  down¬ 
throw  to  tlie  north.  Careful  study  would 
doubtless  show  many'  small  faults  and  probably 
other  large  displacements. 

The  oiJy  production  from  tho  range  has  been 
lead  ore  from  tho  Pino  Grove  district  and  some 
iron  from  near  English  Springs.  A  little  pros¬ 
pecting  has  been  done  on  tho  cast  side  of  tho 
range  a  few  miles  south  of  Pine  Grove  Pa.ss  and 
in  the  latitude  of  Wah  Wah  Pass. 

PDTE  GROVE  DISTRICT. 

ACKXO  VU-EDGM  F.NTS. 

The  writer  wishes  to  acknowledge  coiu-tcsies 
by  the  Revenue  Mining  Co.  A  geologic  map 
the  company's  property  prepared  by  Mr.  C.  C. 
Jones  was  furnished  by  the  company  and  waa 
of  groat  aiil. 

OENEBAL  FEATURF-S. 

The  PineGrove  district  is  on  the  west  side  of 
the  Wah  W ah  Range  about  18  miles  southwest 
of  Nowhouse,  the  nearest  railroad  point.  The 


mineral 

shortest  route  from  N'cwhouse  leads  nearly 
southwest  across  Wah  Wah\  alley  and  thence 
westward  over  a  rather  high  pass.  A  road 
with  better  gi-ades  crosses  the  range  at  Wah 
Wall  Pass  and  thence  follows  the  western  front 
soutli  to  Pino  Grovo  Canyon.  Heavy  grades 
arc  encountered  on  eocii  route,  both  going  and 


kange. 
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»mpam,.u  „-i,u  olhor  districts  sugg,,,.,  that 
Uie  (io|iositiou  ot  tho  ores  duo  to  tie 
Igneous  activities. 

At  the  tunc  of  visit  little  material  that  under 
present  conditions  could  be  regarded  as  ore 
was  cxpo.sed  in  tho  prospect  openings. 


coming. 


WAH  WAH  PASS  REGION. 


The  district  was  orgnnhood  m  1873,  but  no 
work  was  done  imtil  it  was  reorganized  in  1879. 
Tlieic  were  in  1880  about  20  locations.  Little 
bos  been  done  except  by  the  Pine  Grove  Con¬ 
solidated  Mining  Co.  and  the  Revenue  Mining 
Co.  A  mill  was  coastrueted  in  tho  district  but 
has  not  been  operated.  It  is  reported  that  a 
little  ore  was  shipped  from  the  district  in  the 
earfy  days. 

Pine  Grovo  Creek  furnishes  a  smjill  flow  of 
water  throughout  the  year.  Timber  is  present 
in  sufficient  quantity  to  supply  any  likely 
demands  for  some  time  to  come. 

ORE  DEPOSITS. 


Prospecting  in  tho  viciiiitv  of  Wah  Wah  Pass 

has  been  confined  to  a  tow  shaUow  pits  and 
rcnchos.  Fan-  a.-i.says  are  reported  but  have 
apparently  not  bwn  sufficiently  encouraging 
to  lead  to  extensive  ]>rospecting, 

£KGUSH  SPRINGS. 

'Che  iron  deposits  in  the  eastern  foothills 
of  the  Wah  Wah  Range  near  English  Springs, 
about  20  miles  west  of  south  from  Newhou^e’ 
W’ero  not  examined,  and  no  description  of  thein 
has  been  found  in  tho  literature.  Some  ores 
from  them  were  shipped  to  tho  Frisco  smelters 
about  1880. 


The  rocks  of  tho  district  have  boon  cut  by  a 
series  of  fi.ssures  striking  about  northwest. 
Slight  displttocmonts  along  the  fissures  have 
crushed  the  quartzite  adjacent  to  the  fi.ssurte 
and  have  formed  breccia  zones.  The  fissures 
in  the  limestone  are  less  conspicuous,  as  tho 
character  of  the  rock  w’as  not  favorable  to 
the  formation  of  breccia. 

The  most  exteitslvo  prospecting  has  been 
done  on  the  fissures  or  breccia  zones  in  the 
quartzite.  The  primary  ore,  maiiJy  galena 
■''ith  some  pyrite,  oecui*s  os  a  filhng  betweeai 
the  breccia  fragments  and  possibly  to  some 
extent  as  a  replacement  of  the  quartzite.  The 
deposits  occur  as  small  lenses,  mimy  of  which 
are  near  one  \vall  of  the  breccia  zone.  Xear 
t  e  surface  the  galena  has  been  altered  to  sul- 
P  late  and  carbonate  of  load  and  the  pvrito  to 
liniotute. 

The  rock  adjacent  to  the  fissures  in  the  lime-  ' 
s^one  has  in  place.s  been  partly  replaced  by 
pyrite.  These  minerals  have  been 
M  used  near  the  surface  but  not  to  the  same 
X  cut  as  the  deposits  in  quai-tzite. 

Urn  ill  the  district  and  the  j 

0  given  to  the  study  do  not  warrant  any  very 
1  ive  statements  concernJug  the  origin  of 
thee  J  •  intimate  relation  between 

bod  *11111  either  thegranite  porphyry 

y  or  tho  small  dikes  bus  been  observed,  but 


!  INDIAN  PEAK  DISTRICT. 

The  Indian  Peak  district  is  in  the  Needle 
Range,  in  the  \vestern  part  of  Beaver  County, 
about  35  miles  north  of  Modena  and  about  the 
same  distance  from  Lund,  on  the  Los  Angelos  & 
Salt  Lake  Railroad.  There  has  been  some 
prospecting  in  the  district  for  many  yenra  and 
there  has  been  a  small  production  of  lead  and 
silver. 

The  district  was  not  visited  by  the  writer  and 
no  description  of  the  geology  has  been  found 
in  the  literature.  Tlie  ore  deposits  are  said  to 
be  replacements  of  Imiestono  adjacent  to  fis¬ 
sures, 

MINERAL  RANGE.* 

By  B.  S.  DcTtER. 

GENERAL  FEATURES. 

The  Mineral  Range  extends  a  little  east  of 
north  across  Beaver  County  between  ifilford 
Valley  on  the  w'est  and  Beaver  Valley  on  the 
east.  The  principal  raih'oad  point  is  Mijford, 
on  the  Los  Angeles  &  Salt  Lake  Railroad,  about 
7  or  8  miles  west  of  the  central  part  of  the  range 
and  10  to  25  miles  by  road  from  the  principal 
mineralized  areas.  (See  fig.  58,  p.  532.) 

The  centi-al  part  of  the  range  is  ragged, 
rising  to  an  elevation  of  11,000  feet  and  being 
cut  by  narrow  canyons  that  render  travel 

•  Rvport  biwed  mainly  on  a  roromuSonnix!  of  tho  rw^o  la  Uio  5amni«r 
of  UlU. 
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difficult.  Bciivcr  Canyon  is  a  low  pass,  which 
is  utilized  as  a  transportation  outlet  for  Beaver 
Valley  and  the  east  side  of  the  range.  South 
of  Beaver  Canyon  the  range  is  much  lower,  the 
slopes  usually  gentle,  and  travel  mucli  easier. 

Water  is  scarce,  but  enough  for  the  needs  of 
prospectors  can  usually  bo  developed  without  ^ 
going  a  great  distance  from  the  pro.spect.  In 
many  parts  of  the  range  juniper  (cedar), 
pLnon,  oak,  and  other  scrubby  trees  furnish  a 
rather  abundant  fuel  supply  and  are  used  to 
some  extent  for  timbering.  There  is  good 
timber  in  the  range  east  of  Beaver.  The 
irrigated  lands  along  Beaver  Creek  furnish 
abundant  farm  products.  Electric  power  for 
niinins  can  bo  had  from  the  plant  on  Beaver 
Creek. 

HISTORY  AND  PRODUCTION. 

By  V.  C.  IIkikk.s. 

The  range  contains  the  Lincoln,  Bradshaw, 
Granite,  North  Granite,  McGarey,  Antelope, 
and  JarloosG  districts. 

LINCOLX  DISTKICT. 

The  Lincoln  district,  organized  January  16, 
1S71 ,  is  in  Beaver  County  on  the  eastern  slope 
of  tlie Mineral  (Granite)  Range,  20  miles  south¬ 
east  of  M'dford,  on  the  Ltis  Angeles  &  Salt  Lake 
Radrond,  and  4  miles  north  of  Minorsville,  the 
suppl}'  point  and  settlement.  It  adjoins  the 
Bradshaw  district  on  the  southeast  corner. 
The  district  was  first  called  Pioneer  district  and 
was  organized  in  1864.  According  to  Fabian/ 
"  the  Mormons  commenced  working  the  old 
Spanish  mine  ns  far  back  as  1S54,  which  has 
since  been  named  the  Rollins  lode.  The  other 
principal  claims  in  the  district  are  [1872]  the 
Quincy,  Alameda,  Wasatch,  Lewis  Grundy, 
Creole,  Galena,  and  St,  Cloud.” 

EUsler  -  saj's: 

Tlio  first  ‘'parcel”  of  silver-lc.id  ore  on  the  Pacific  co;ist 
was  smelted  by  a  Mormon  Damod  l.«ac  Gnmdy,  bock  in 
tlio  fifties. 

VMien  Br^ham  Young  learned  that  Johnston's  army  w.-w 
cciniiig  to  Utah  he  sent  Grundy  down  to  Itcaver  County 
to  obtain  material  (or  Icadon  bulloto  tn  bo  uisc'd  ogniist  the 
coining  army.  Grundy  went  to  wliat  w»a  afterwards 
known  as  the  Rolliiw  or  Lincoln  mine,  and  getting  out 
lire  ho  SDiolted  in  a  fm.all  furnico  several  ton-s  of  bullion, 
which  wua  scut  to  Salt  Lake  City  and  there  molded  into 
biillota.  Grundy  may  be  consideivd,  therefore,  as  Iho 
piouoerof  the  mekilluigy  of  lead  on  tho  Pacilic  coast;  and 

>  I'uliDm.  Urnihara,  Th« nssiurcw  of  tr  Uili,  p,  1 1,  Salt  l^lte 

KUSJin-,  M.,  TUo  niuiuilurtty  of  nriieni Lroi..ius  lt«J,  proboe,  1891. 


[  have  just  learnt  (.August,  1801)  that  he  died  only  a  fe*r 
weeks  ago  at  .Minorsville,  Utah,  at  the  ago  of  SO. 

Tho  Rollins  loiic  was  operated  again  between 
1860  and  1863.  Ore.  was  smelted  in  this  dis¬ 
trict,  and  it  is  said  that  some  lead  ore  was 
shipped  to  Omaha  for  reduction.  Huntley’ 
sai-s: 

The  principal  claim  in  the  district  is  the  old  Rawlings 
or  lUiIiin.s  niino.  1 1  is  claimed  by  the  Momions  that  it  is 
tho  oldi’St  mine  in  the  territory.  They  worked  it  in  18G0, 
IStll,  lS(i2,  and  Ififi.t,  and  made  a  few  tons  of  lead  in  a 
primitive  way.  Tho  mine  was  sold  in  1S75  to  the  Lin- 
coin  Silver  Mining  Co.  A  l.Vton  furnace  was  built  in  tlie 
fall  of  the  same  yfiar.  The  company  worked  both  the 
mine  and  tho  smcl  tor  for  two  years.  *  *  *  The  incline 
waa  sunk  2'20  feet,  nud  showed  a  C-foot  vein  at  the  bottom. 
One- fourth  of  this  waa  pjTitea  and  the  remainder  galena. 
In  the  upper  works  the  ore  body  was  from  8  to  12  feet  wide, 
Tho  average  assay  of  tho  ore  waa  $40  ailver  and  815  gold. 
Alrout  100  ton-s  of  bullion,  worth  ?Io.5  jjer  ton,  were  pro¬ 
duced. 

The  Deccmho.r  group  of  mines  had  been  recently  sold 
to  the  December  Mining  Co.  of  Chicago.  Tho  principal 
vein  is  from  1  foot  to  4  feet  wide,  carrying  a  smelting  ore 
which  assays  $100  per  ton  when  selected.  .-V  few  tons 
have  been  shipped.  There  are  200  feet  of  cutiiags. 

Tho  Coral  Reef,  Ynia,  and  Richmond  are  a  group  on 
one  win,  said  to  bo  from  3  to  5  feet  wide,  containing  a 
low-grade  smelting  ore,  20  ounces  silver,  30  per  cent  lea.!, 
and  Eomo  zinc  blendo  and  pjTite.  *  •*  *  About  SO 
tons  bad  been  sold  lonnerly. 

No  sfatistl*  a  ore  available  of  any  of  the  prop¬ 
erties  producing  in  the  Lincoln  district  betw'eca 
1880  and  1901.  In  1907  the  Lincoln  or  Rollins 
mine  was  reopened,  but  it  is  not  knot^m  what 
was  found  in  the  lower  levels.  The  Survey  has 
no  record  of  shipments  from  the  property. 

About  200  toms  of  low-grade  fliudng  ii-on  ore, 
coiTj'ing  values  in  gold,  silver,  and  copper,  wns 
taken  from  the  Creole  property  in  1907,  and 
several  sliipments  of  lead  ore  have  been  made 
from  the  Harriet  claim.  All  production  boa 
been  included  with  that  of  Beaver  County. 
(See  pp.  ri06-.5()7.) 

DRADSUAW  DISTRICT. 

The  Brarlshaw  district,  in  Beaver  County, 
organized  May  1,  1875,^  adjoins  the  Lincoln 
district  on  tho  north,  ond  is  about  10  mill's 
southeast  of  Milford,  on  the  Los  Angeles  &  Salt 
Lake  Rnili'oad.  Huntley  says:® 

The  Cave  mine,  the  principal  mine  of  the  disinrt, 
aljoiii  8  miles  southca-st  of  M  ilford  and  northwest  of 
villo  on  a  stoop  mountain  aide,  about  4,300  feet  above 

*  rnvIoiM  inoluls:  Ten'h  f.  8.,  vol.  13,  p.  475, 18®- 

*  Itu-ord  In  omr*  of  U,  8.  xorveyor  general,  Soil  l.sk»  ,  U 

*  Op.  clt.,  pp.  471-475. 
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OcAviT  River,  an<i  over  0,000  feet  atiovo  foa  It'vcl.  The 
in  which  the  mineral  was  Oral  femirl  wiu  discovered 
MSSO  e  •  *  It  w»*  not  kicBtod,  however,  until  1S71. 

1  Utlo  '»■»•  done  until  1875  »ud  18<0,  when  some  oro  was  ' 
r-’fktd  “1  li>o  Milfo«l  mill.  The  mine  hecamo  liaaiiciaHy  I 
•  ■■(lived  •  •  *  and  in  Soptember,  IS7!I,  the  mine  bo- 
Winc  the  property  ol  the  Kriac'i.  Mining  &  Smelting  Co. 

In  places  the  oro  haa  been  very  rich,  rufsayiivg  as  high  »» 
fjOO  to  $S00  per  tan.  Ore  of  the  lowest  grade  assays 
in  gold  and  silver.  All  the  limenito  and  (xher,  without 
'rfgml  to  its  grade,  wes  shipped  to  the  smeller  at  Frisco,  it 
Ijeiug  worth  from  $8  to  $10  (or  Ilux  alone.  The  average 
jnda  Ci(  all  Ihe  oro  shipped  could  not  he  an-ertained,  but 
hr  several  hundred  tons  recently  shipped  it  was  given  at 
tom  5  to  7  per  coot  lend,  $22..50  silver,  and  §7..50  gold  per  , 
*  •  *  The  total  assay  value  of  the  ore  produced 
prior  to  Juno  1,  1880,  was  catimated  at  $-270, 000,  one- 
quarter  of  whicli  was  gold. 

Ilje  Jolly  Boy  is  in  tho  northern  part  of  the  district, 
add  wM  discovered  in  the  fall  of  1S79.  ^  *  s  hour  tons 

af.«cleclcd  ore,  a  soil  ocher,  averaged  $12  silver  and  $333 
gold. 

The  Cave  mine  is  reported  by  its  owners  to 
have  been  tin  occasional  producer  between  1880 
and  1900,  Since  1900  it  has  yielded  about 
1,400  tons  of  low-grade  o.xidized  iron  ore.  In 
I'JOS  the  Hecla  produced  ore  containing  gold, 
silver,  lead,  and  a  little  copper, 

GRANITE  AND  NORTH  GRANITE  DISTRICTS. 

The  Granite  and  North  Granite  mining 
districts,  organized  in  1S63  and  1865,  are  in 
Beaver  County,  northeast  of  the  Lincoln  dis¬ 
trict  and  northwest  of  Beaver,  According  to 
Huntley,’  the  bismuth  property  on  the  east  side 
of  the  range  attracted  tho  most  attention: 

It  wsH  discovered  about  1SG5  and  known 

(.lugust,  1S30)  as  the  Major  lode.  The  vein  is  .1  to  7  feet 
wide  *nd  contains  a  toiigh  quart/,  or  gangue.  In  this, 
*)nie  pjTile,  galona,  and,  it  is  ssiid,  3  per  cent  of  bismuth 
found.  .\  few  tons  were  shipped  ye-ua  ago,  and  woiv 
**1  to  have  averaged  from  7  to  10  per  cent  bismuth. 

In  sover.al  parts  of  the  district  there  are 
signs  tiir.t  some  o.Kidized  iron  ore  was  produced 
tnd  hauled,  probably  to  the  Frisco  smelter,  in 
tho  eighties.  In  the  last  decade  small  quanti¬ 
ties  of  low-grade  copper  and  lead  ores  have  been 
^'{>1»(1,  but  tlie  returns  barely  paid  e.xpenses 
w'nhipmcnt  and  treatment. 

M  G.UIRY  AND  ANTELOPE  DISTRICTS. 

The  McGan-y  and  jVntelope  districts,  at  the 
north  end  of  the  range  on  the  western  slopt* 
organized  in  1876  and  1877  but  have  pro- 
little  metal. 

•  or.ciu,p.-i7&. 


JARLOOSE  DISTRICT. 

The  Jnrlooso  district  is  in  the  volcanic  area, 
a  fevv  miles  southeast  of  MinersviUe.  Numer¬ 
ous  " strikes ■'  have  been  reported,  but  thus  far 
there  has  Ihscu  no  important  metal  production 
and  but  little  prospecting. 

PHYSIOGRAPHY. 

By  15.  S.  Biixna. 

Tlie  Mineral  Range  Is  to  be  classed  with  tbo 
Basin  Range  type  of  mountain,  though  in  its 
present  stage  of  phj’siograpbic  development  it 
is  not  as  typical  ns  some  of  the  ranges  of  tbe 
State.  In  general,  however,  it  shows  a  nearly 
straight  western  front  determined  by  faulting, 
a  relatively  steep  western  slope,  and  a  gentler 
eastern  slope.  The  poi’tion  of  tho  range  south 
of  Beaver  Canyon  is  composed  of  relatively 
weak  lavas  and  is  more  mature  topogi  apbieally; 
and  the  fault-block  structui’e  Is  much  less 
apparent.  Morever,  the  uplift  of  tliis  portion 
of  the  range  is  much  les-s,  as  it  is  separated  from 
the  northern  part  by  nu  ea.st-wost  fault  in  the 
latitude  of  Beaver  Canyon. 

GEOLOGY. 

SEDIMENTARY  ROCKS. 

Sedimentary  rocks  m  e  liu'gcl}"  confined  to  the 
area  north  of  Beaver  Canyon  where,  except  for 
a  space  on  the  west  side,  they  sim-ound  the 
contnil  muss  of  intrusive  rocks.  (See  fig.  58.) 
Lee  -  gives  the  following  section  of  the  rocLs  as 
exposed  in  Benver  Canyon : 

Section  of  rocks  exposed  in  Bearer  Canyon,  4  mihs  cast  cj 
MlncTsrilU. 

1.  Basalt,  several  hundred  foot. 

2.  Rhyolilic  flows,  tuffa  aud  breccia,  many  liuD- 

dred  fcot, 

3.  Andesitic  flows,  tuffs  aud  breccia,  several  hun¬ 

dred  feet. 

4.  Uiiceroented  gravel  and  bouldew  of  limoetooe.  kcoL 

quartzite,  and  andesite .  2.‘)0 

0.  Coanw  consolid.vlcd  conglomerate  consiatiiitr  of 
limestone,  quarUilo.  and  varioiui  crysUillino 
rcckfl,  the  bo'ddere  having  a  nmxiniam  di- 

aoioter  of  5  feet .  39 

Uncontonnily. 

G.  Red  shale . 

7.  Earthy-gray  limestone .  I'* 

8.  Red  . . 

0.  Gray  limestone  . 

10.  Red  shale  and  ripple-marked  aandstonea .  40 

1 1  7  ^  WttitfT  rwouive*  of  Uwvffr  Valley,  t'tali:  U.  S.  Owl. 

Survey’ W«lcr4*opply  P»pfr«7#  P- 
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11.  Blue  . . 

12.  Bed  shule  :md  ripple-marked  eandtilonea - -  - 

13.  Limestone  contaming  AcichilipccUTi  vsdi^enna, 

Avicalipcclen  a.if.  A.  ocfiAnlalu.  M>ial>na  aff. 
J/.  ptraHenvam,  BaimeUit  Ti .  »p..  Pkwopho- 

rii-a  sp..  Srhuodvx  . . 

I'i.  Shale . - . 

15.  LimeKtonocontainingeamefoi'silaasNo.lS  -  — 

10.  Buff  shale  wth  a  subordinate  amount  of  lime¬ 
stone . . 

17.  Shale  and  limestone  ror.taining  AriciLlipec(al 

n.  up.,  PUvrotonturia/  ap..  Baheuelha  n.  ap,, 
Na'Jtiojmsap,.  Xevciiwusf  sp.,  undetermined 
. . 

18.  Bed  . . 

10.  Yollo«'iah-bro\en  shales  alternating  with  ripple- 

marked  sundstonea . . 

20.  Qmu-txitic  basal  conglomeritu . 

Unccrifonnily, 

21.  Cherty  limestone  rontaining  Zaphrentisf  sp., 

Fatulipora  a]K,Scp4oporasn..  Prodwtulail.  P. 
.tubhorrid^iiy  .Vceieilaf  sp.,  SpiVi/eraff  5.  camc- 
ratui,  Sffuamufaria  nlT.  8.  perplara,  Spiriferirut 
aff.  S.  ktnlxtckycn-iis,  Spiri/eritii  sp.,  Compo- 
sita  aff.  C.  fnibtilita,  Uuaiedla  aff.  11.  makarvi. 
P'.igrutx  aff.  P.  osagmsii . 

22.  Y’ellowish  quarlzito . 

23.  Cherty  liineatonc  containing  Sqiiamvlariaf  sp. 

and  Ilfistidia  aff .  H.  m«kana. . 

Base  not  e.xpoacd  where  section  ^vas  measured. 


Feel 

10 

120 


1.5 
■10 
lo 

9.5 


100 

35 

40 

10 


•150 

200 

500 


Cotiocrning  tlie  sedimentary  rocks,  Lee  says : 


A  thick  series  of  inaivsivo  limeetones  overlies  the  granite 
and  is  well  cx|)osed  in  the  Jlineral  Mountains  north  of 
Miucrsvillc.  These  limestones  are  overlohi  in  turn  hy 
red  sandstones,  shale,  and  volcanic  products,  as  shown  in 
Iho  sertion. 

The  massive  chorly  limestone  at  the  base  of  the  section 
is  reforred  with  little  doubt  to  the  Aubrey.  The  fossils 
were  exammed  by  George  II.  Girty,  of  (he  United  States 
Geological  Survey,  who  states  that  they  probably  belong 
in  the  Aubrey  (lumu,  allhough  many  of  the  meat  charaater- 
ifllic  forma  of  tho  fauna  .".re  wanting,  The  stmtigi-aphic 
position  and  general  field  relations  of  the  limestone  show 
that  it  is  probably  the  aamo  as  the  typical  Aubrey  lime- 
atono  of  the  Grand  Canyon  region  farther  to  Iho  south. 

Tho  rod  Pedimentii  overlying  tho  cherty  limestone 
yielded  a  number  of  well-preserved  fossils  which  algo  have 
been  exmiiinod  by  Dr.  Girty,  who  states  that  the  fauna  is 
the  name  as  that  of  the  Perminn  beds  of  Wolcott’s '  Grand 
Canyon  aectiou  and  of  the  “ Pemio-Ciu-boniferoua ”  of  the 
Wostttch  Mountains. 

In  Coloh  riaUnni,  r.hout  .50  miles  south  of  Beaver,  a 
tbicknesa  of  nmro  tlmn  8.000  feet  of  strata  wm  measured 
hot  ween  tho  bsao  of  the  Permian  aud  the  top  of  the  Denton. 
Of  this  great  Ihieknesaonly  565  feet  of  the  hmso  of  (he  Per¬ 
mian  remain  in  Beaver  Canyon,  the  upper  beds  hatdng 
been  eriided  away.  Tho  red  beds  are  overhdn  bv  a  coarse 
conglomerate,  presumably  equivalent  in  uge  to  the  Eocene 
conglonieralcs  of  tho  plaleauH.  and  thi-se  are  covered  in 
turn  by  extensive  masees  of  volcanic  rock. 

'  tSalCTlI,  C.  ]■),,  The  l’crml..n  und  other  r.il'-wcjtc  jroapa  of  iho 
Kfuinb  \  ruicy,  AriR,;  Am.  Jour.  ser,,  vol.  20,  pp,  221, 2a>,  ISW. 


Tlio  soctioD  apparently  corresponds  with  the 
upper  part  of  the  Carboniferous  and  tlie  lower 
part  of  the  Tritissic,  as  exposed  in  the  Star 
district  to  the  5vest. 


M  Mine  or 

5  0  aviLW 

I  I  I  1  I — i ,  I  ■  — * 

riour.E  r*S.— fieologk  map  oC  MlnorvJ 

The  sedimentary  rotdvs  at  tho  northern 
of  the  range  apparently  correspond  to  t  ^ 
lower  portion  of  tho  section  given  above. 


mixekaJj  i:axgb. 


IGNEOU3  ROCKS. 


INTRUSIVE  ROCKS. 

The  ii-ain  body  of  the  intrusive  rock  forms 
the  ceutnti  portion  of  the  nuigo.  It  hna  a 
north-south  extension  of  about  .15  miles  and 
a  width  of  4  to  S  miles.  Tliis  main  mass  was 
axauuned  in  but  few  places  and  only  general 
statements  as  to  its  character  are  warranUul 
fiiim  the  lucts  gathered.  It  is  a  light-colored 
gnmitic  rook  varying  considerably  in  texture 
lUid  probably  in  composition.  Stieciinens  be¬ 
lieved  to  ho  representative  are  ratlier  corj-se 
grained  and  are  c«imposed  largely  of  quartz, 
orthoclasc,  microcline,  plaginchtse,  and  biotite. 
Orthoclaso  and  microcline  are  gi’cntly  in  exccs-s 
of  plagiocinso,  and  the  rock  is  a  tnie  granite. 
Both  north  and  south  of  the  main  mass,  and 
pc*sibly  within  it,  are  small  bodies  of  more 
basic  rocks  of  monzonitic  and  dioritic  com¬ 
position. 

Bodies  of  fine-grained  granite  porphyry, 
similar  in  composition  to  the  main  body  of  the 
granite,  occur  also  in  the  sediinontary  rocks. 
At  the  ejist  base  of  the  north  end  of  the  range 
there  are  outcrops  of  a  coarse  granitic  rock 
overlain  by  recent  basaltic  flows.  The  rela¬ 
tion  of  this  to  the  main  intinsivo  body  of  the  ' 
range  was  not  detennined. 

In  addition  to  the  lai^cr  intrusive  bodies 
mentioned,  numerous  dikes  cut  botli  the  sedi- 
raentarj-^  and  intnisive  rocks.  They  are  fine 
grmned,  usually  not  distinctly  porphyritic, 
and  when  freshest  are  dark  green.  Most  of 
them  have  the  composition  of  diorite,  though 
somo  are  more  basic.  These  dikes  weathei 
raadiy  to  a  brown  earthy  mass,  and  as  they 
are  usually  less  resistant  than  the  surrounding 
rocks,  they  are  not  conspicuous  at  the  surface. 


EXTRUSIVE  ROCKS. 

Extrusive  rocks  are  most  Lmportiiut  south 
0  Be.aver  Canyon,  where  they  form  a  large 
pnrt  of  the  range,  and  in  Beaver  Valley  east  of 
0  range.  The  volcanic  rocks  range  from 
r  yolites  to  oasalts,  but  a  large  proportion  are 
j*  intermediate  composition  near  Intites.  The 
*1  «st  flows  are  cellular  basalt,  which  cover 
areas  east  and  northeast  ot  the  range. 


of  the  intrusive  and  extrusive  boc: 
Tl 

0  Intrusive  rocks  were  nowhere  seen 
“let  i\-ith  the  main  body  of  extrusive  roc 
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fletennined. 

I  r  ^  ^  o.xtrnsive  body, 

Rnn^o.  riie  basaltic  flows  are  very  recent 
tm  represent  the  latest  igneous  activity  of 
the  region. 

STRUCTUliK. 


The  present  attitude  of  the  sedimentary 
rocks  13  due  iii  part  to  the  effects  of  the  grim i tic 
mtrusion  and  in  part  to  later  iuovoment.s. 
bouth  of  the  granitic  mass  tliey  strike  north  to 
northeast  and  dip  east.  To  the  north  of  the 
granitic  mass  the  strike  and  dip  are  irregular 
but  aro  probably  prevailingly  to  the  west. 

Faulthig  is  beUeved  to  have  been  iniportant 
in  producing  the  Mineral  Range.  It  is  be¬ 
lieved  that  the  front  of  the  runge  is  deter¬ 
mined  by  a  strong  north-south  fault  with 
downthi'ow  to  the  west, 

I  A  short  distance  south  of  Beaver  Canyon 
the  sedimontary  rocks  are  buried  beneath 
lavas  and  are  at  mucli  lower  levels  than  to  tho 
north.  There  is  apparently  a  strong  east-west 
fault  near  the  site  of  Beaver  Canyon,  though 
its  exact  location  was  not  doterniimnl. 

Fissui-es  aro  munerous  and  have  lieon  of 
importance  in  fiiniishiiig  passages  for  the 
nictal-bearing  solutions  that  have  produced 
tho  ore  deposits.  They  show  great  divergence 
in  strike  and  dip,  and  no  general  rule  governing 
their  positions  was  determined. 

QBE  DEPOSITS. 

'fhe  mineral  deposits  comprise  replacement 
deposits  in  sedimentary  rocks  and  veins  in 
volcanic  rocks.  The  replacement  deposits  are 
found  principally  in  the  limestone  surrounding 
the  central  granitic  mass,  and  the  veins  are 
conflnod  to  tho  volcanic  rocks  south  of  Beaver 
Canyon. 


REPLuVCEMENT  DEPOSITS  IN  SEDEMENTART 
ROCKS. 

The  replaceinent  deposits  in  sedimentary 
rocks  may,  in  turn,  be  sopuratod  into  those 
formed  near  tho  grauiio  contact,  containing 
calcium,  iron,  and  magnesium  silicates  ns 
gangue  minerals  and  commonly  designated 
contact  deposits,  and  those  fonned  as  a  re¬ 
placement  of  limestone  adjacent  to  fissures  at 
some  distance  irom  the  contact. 
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COMTACT  DEPOSITS. 
oocuanKNCE  .ind  ceiabactbk. 

Contact  deposits  nro  probably  tho  most 
numerous  of  any  typo  in  the  range.  Although 
they  have  vielded  only  small  amounts  of 
metal,  tho  surface  showings  have  been  suffi¬ 
cient  to  encourago  considerablo  prospecting. 
Tile  limostone  at  and  near  tho  lai^o  intrusive 
boilics  is  commonly  rccrystallized  to  a  white 
crystalline  lunestono  and  contains  small 
amounts  of  tho  contact  silicates.  Garnet, 
vesuvianite,  and  tremolito  are  most  abundant, 
but  epidotc,  cldorite,  and  inuscovito  aro  pres¬ 
ent.  At  places  along  tho  contact  the  silicate 
minerals  bocoma  abundant,  and  magnetite, 
hematite,  and  the  sulphides  of  copper,  lead, 
and  zinc  are  present,  ^lost  of  these  deposits 
are  irregular  or  “bunchy,”  and  though  Ixnlies 
of  good  ore  have  been  found,  most  of  them  are 
too  small  to  be  profitably  worked.  Small 
shipments  have  been  made  from  the  Oak 
Leaf  property  on  tho  cast  side  of  the  range, 
where  the  deposits  grade  from  typical  contact 
deposits  to  depo.sits  resembling  those  of  tho 
replacement  fissure  type.  Contact  deposits 
have  been  prospected  at  numerous  points 
along  the  east  side  of  tho  grauite  body,  and  a 
little  ore  is  reported  to  have  been  .shipped 
from  several  claims. 

MINES. 

Bisninth.  mine. — Deposits  that  minernlogic- 
ally  are  to  be  classed  with  the  contact  deposits 
occiu’  at  some  distance  from  Lirgo  bodies  of 
intrusive  rock.  An  example  of  this  type  is 
tlie  •“Bismuth”  mine  on  Uie  cast  side  of  the 
range,  where  a  stratum  of  limestone  about 
6  feet  thick  has  been  ahnost  completely 
replaced  by  contact  inuiorals,  mainly  vesu- 
viaiiite  and  green  amphibolo  with  some  fluorite, 
calcite,  and  sulphides.  Tho  sulpliides — pyrite, 
bisrauthinife,  molybdenite,  and  possibly 
othei-s— are  iutergrown  with  tho  silicate  min¬ 
erals.,  The  still  turn  is  overlain  and  underlain 
by  white  siliceous  liraostoiics  that  have  been 
rociTstallizcd  but  have  not  developed  abundant 
contact  silicates.  Granite  is  exposed  a  few 
himilred  feet  both  northeast  and  southwest  of 
tlio  prospected  area  on  the  strike  of  the  sedi- 
mcntaiy  beds.  The  replacc-d  bed  has  been 
exposed  along  tho  strike  by  open  cuts  and 
shafts  for  several  hundred  feet  and  can  bo 
traced  on  the  surface  for  a  greater  diataue.e. 


The  \vTiter  has  no  reliable  data  as  to  the 
metal  content  of  the  ore.  A  hasty  inspection 
of  the  dumps  nnd  shallow  workings  revealed  no 
material  that  appeared  to  carry  more  than  a 
small  percentage  of  either  bismuth  or  molyl). 
denum. 

Lincoln  mine. — Tho  Lincoln  mine,  about 
5  miles  northeast  of  Mincrsville,  may  also  bo 
da.ssed  with  the  contact  deposits,  though  it 
has  some  characteristics  of  tho  rcplaccmeiit- 
fissure  deposits.  The  sedimentary  rocks  in  tho 
vicinity  are  liniestones,  siliceous  limestones, 
and  quartzites  of  upper  Carboniferous  ago,  cut 
by  granitic  amd  monzouitic  rocks  and  some 
more  basic  dikes,  gast  and  south  of  the  mino 
tho  granitic  stocks  arc  of  considerable  size. 
The  limestone  has  bc'on  crystullizod,  nnd  near 
the  contact  of  the  intrusive  rocks  and  to  some 
extent  along  fissures  silicate  minerals,  gui-net, 
tremolite,  etc.,  have  been  developed. 

The  deposit  was  not  examined  underground, 
but  from  surface  relations  it  appeai-s  to  be  in 
limestone  near  the  contact  of  a  moiizonito 
porphyry  dike.  In  the  limc-stone  on  the  dump 
contact  silicates  aro  jilcntiful  and  are  inti¬ 
mately  associated  with  ore  minerals — galena, 
pyrite,  chalcopATito,  and  sphalerite.  Zinc  is 
said  to  have  been  unimportant  in  the  upper 
portion  of  the  ore  bodj*,  but  sphalerite  is 
reported  to  be  plentiful  in  the  lowest  workings, 
a  report  which  scem.s  to  be  confirmed  by  the 
presence  of  rather  abundant  sphalerite  in  the 
material  last  tlirowu  on  tho  dump.  The  shaft 
is  said  to  haf'e  reached  a  depth  of  about. 300  feet 
when  w'ork  w'as  stopped  by  the  inflow'  of  water. 

Observations  were  not  sufficient  to  determine 
whether  the  ore  minerals  were  deposited  at  the 
time  of  the  intru-siou  of  the  dike  or  w'cre  liie 
result  of  later  solutions  passing  along  a  fissure 
previously  occupied  by  tho  dike. 

Tho  cevnditions  in  tho  Lincoln  (formerly 
RoUiiis)  mine  at  the  time  of  the  earlier  cperi- 
tions  are  reported  by  P.  T.  Farnsworth*  ns 
follows : 

The  shaft  of  the  Rollins  miae  wjia  aunk  at  r.a  iucliao  of 
about  80*  for  230  feet  in  limestone,  following  a  chimue.' 
oi  lead  ore,  which  formed  quite  a  largo  deposit  on  tb® 
fliiriace.  The  lead  ore  of  shipping  grade  was  toll®  ^ 
vrithin  the  dimensions  of  the  sliaft  and  at  200  feet  enti».' 
gave  out,  being  replaced  by  zinc  sulphide  near  the  wal« 
level.  No  ore  was  found  by  drifting,  which  was  dones  • 
depth  of  100  feet.  Tho  total  output  of  lead  did  not 
gate  a  thousand  tons, 


<  eonoQul  conuDonkoiloa,  Miv.  2, 121* 


mixkral  range. 
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arul  Turk  mine. — The  Nip  nnd  Tuck 
mine  is  about  4  iuil<*s  northeast  of  fao  Cove 
mine  near  the  summit  of  the  range.  The 
rocks  ia  the  vicinity  nro  mainly  limi'stono  and 
quartzite,  wluch  havo  been  inti-uded  by  fine* 
rrniuu'i!  fi-anite  porphyry.  In  general  the 
pori)h5T>'  intruded  along  the  bedding 

pliiues  but  in  numerous  places  has  broken 
across  the  beds.  There  has  been  some,  naoTc- 
nient  lot^r  than  the  intrusion,  and  the  planes 
of  least  resistanee  ap])cur  to  have  been  ver\' 
conunonly  .along  the  contact  between  the 
uitrusivc  and  the  sedimentary  rocks,  produeing 
in  many  places  a  gouge  with  pron»inent  sheken- 
sitling. 

Jlinemliza  tiou  Ls  said  to  have  been  most 
extensive  in  blue  limestone  undorljdug  gmnito 
poqdiyry.  The  ore  is  lai-gcly  o.vidized,  con¬ 
sisting  of  hydrous  iron  o.\i<le,  carbonate,  and 
probably  also  sulphate  of  lend,  with  associatcnl 
gold  and  silver.  The  precious  metals  are 
r&tl'.er  high  and  are  commonly  the  most  valu¬ 
able  constituents  of  the  ore.  The  presence  of 
trcmolite  in  some  of  the  ore  and  the  presence 
of  that  and  other  contact  minerals  in  limestone 
associated  with  the  porphyry  at  other  points 
suggest  that  the  deposits  arc  to  be  classed  with 
the  contact  type. 

Ilech  mine. — ^The  llecla  mine  is  southwest 
of  I'ae  Nip  and  Tuck  and  several  hundred  feet 
lower.  It  was  not  in  ojK'mtion  at  tiro  time 
of  visit  and  was  o.vaminod  ordy  superficially. 
The  ore  deposits,  like  those  of  the  Nip  and 
Tuck  mine,  are  closol}’’  associated  with  granite 
porphsTy. 

Ria>I.ACEMEHT-riSStmE  DEPOSITS. 

UBADSnAW  DISTRICT, 

Cave  min-e. — ^Tho  most  important  and  largest 
replacement-fissure  deposit  yet  developed  in 
the  range  is  the  Cave  mine  on  the  eastern 
dope  of  the  range,  about  6  to  7  miles  north 
of  Minersville  and  about  10  miles  southeast 
af  Milford,  at  an  elevation  of  about  7,000  feet. 

The  sedimentary  rocks  in  the  vicinity  are  the 
Carboniferous  limestones.  Some  highly  altered 
ba.sic  dikes  outcrop  near  the  mouth  of  the 
lower  (unnel,  and  bodies  of  fine-grained  grauitc 
porphyry  and  more  basic  rocks  lie  to  the 
^>orth  and  west. 

The  sedimentary  rocks  have  been  consider¬ 
ably  faulted  and  fissured.  There  are  numer¬ 
ous  east-west  and  north-south  fissures,  both 


I  ippiiig  .steeply.  Some  nearly  horizontal 
movement  is  shown  in  the  lower  tunnel  and 
in  a  small  cave  north  of  tho  discover}'  cave. 
The  main  ore  shoot  appears  to  be  associated 
vdtU  a  north-south  fissure,  (hough  obseiwa- 
tions  were  not  sufRcieiit  to  show  (hat  other 
fissures  hud  not  inP.ueneed  the  deposition  of 
tile  ores.  Where  the  liinestoiio  was  particu¬ 
larly  favomble  to  replacement,  mineralization 
e.Ktended  considerable  distaiici's  from  the 
fi.s3ure.  The  origimil  ore  minerals  were  doubt¬ 
less  sulpliides,  but  oxidation  bus  been  lather 
complete  to  the  depth  of  present  developments. 

Tho  oivs  c.'ctructcd  have  consisted  pi-inci- 
pnlly  of  limonite  and  oerusite  with  a.ssociate4 
gold  Olid  .silver.  The  high  poi'contiigo  of  Lroii 
lias  made  it  possible  to  market  niucli  ore  that 
could  not  have  been  profitably  e.'ctnictcd  for 
its  gold,  silver,  and  lead  contents  alone. 

Tho  main  ore  shoot  has  been  developed  by 
an  irregular  incline  about  300  feet  ilecp 
(estimated),  whose  bottom  is  comiectotl  with 
the  surface  by  a  tmniel  about  2,000  feet  long. 
A  higher  tunnel  connects  with  tlic  workings 
about  140  feet  below  tho  outeixip.  Prospect 
and  development  openings  have  bwii  made  in 
sevcrol  directions  from  the  main  shoot,  but 
few  of  them  could  be  examined.  Tho  caves 
associated  with  the  ore  dejKisita  appear  to  have 
resulted  from  a  slirinknge  of  the  deposit  in 
oxidation  ami  probably  also  from  solution  of 
the  limestone  along  this  relatively  open  channel. 

Huntley^  describes  ihc  conditions  a.s  follows: 

The  ore  occurs  entirely  on  the  bottom-i  of  caves  iu  lime- 
ftone  or  (loloniite.  Five  large  caves  and  15  Hmaller  ones 
had  been  found.  They  are  all  connected  by  ^carcs  of 
ocher,  or  by  hole*  which  aervo  m  runw*>-»  for  mountain 
rats.  Beyond  the  caves  already  known  there  ere  doubt¬ 
less  otlien,,  ns  hukM  and  other  seams  load  outwani.  The 
largest  cavo  is  120  feet  long,  30  feel  wide,  and  20  feet 
high,  extreme  dimeaaions.  One  of  avetags  eiie  is  not 
over  12  (eot  iu  exteut.  All  have  on  oxtremoly  irregular 
outlino.  The  roofs  of  some  are  eovcred  with  a  thiu  costing 
of  copper  carbonate  and  silicate.  There  is  usually  a  vsicout 
space  flora  1  foot  to  10  feet  between  the  roof  and  the  ore. 
On  tho  ore  is  usually  a  mass  from  1  foot  to  3  feet  thick 
of  blocks  of  liniesioao  wliich  have  fallen  from  the  roof. 
Tho  upper  portions  of  tho  depo.«la  are  generally  softer, 
more  earthy,  aud  less  ^'aluabIc  than  tho  lower,  where  the 
corbonate  of  load  occurs.  In  some  places  Uie  fine  ocher 
changes  into  a  hard  massive  limonite,  with  cavities  having 
bolrvoidal  and  stalactitic  eurface*.  In  spots,  pure  granu¬ 
lar  or  co-;d»U««^  sulphur  is  found,  though  not  frequently, 
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Minor  depimU'. — Scvonil  other  deposits  in 
the  Bradshaw  (Jistrict  have  produced  ores,  but 
none  were  active  at  tlie  time  of  "sdsit. 

AXTF.LOi'f:  nisrniCT. 

In  the  Antelope  district,  at  the  north  end  of 
the  range  on  the  west  siiic',  arc  deposits  which 
are  probably  to  be  classed  with  the  replaco- 
incnt'fissui'o  typo.  The  ores  are  in  ccitnin 
beds  of  the  limestone,  but  at  the  sJi-faoe 
fissures  crossing  the  bod<liiig  were  not  oosc'.ved 
li-ssociatcd  with  the  depasits. 

The  ore  consists  for  the  most  part  of  galena 
in  a  gaiigue  of  barite  and  calcite.  Oxidizetl 
ores  arc  present  to  a  muior  e.vtcnt  a t  the  suidace 
and  some  float  containing  copper  carbonates 
in  a  barite  gunguo  was  seen.  There  has  been 
some  prospecting  of  tlic  def)Osits  by  shallow  • 
inclines  and  by  tunnel,  but  at  the  time  of  visit  j 
no  operations  were  being  carried  on. 

VEIX.S  IN  VOLCANIC  ItOrUCS. 

So  far  ns  knowoi,  the  veins  in  the  volcanic 
rocks  are  present  011I3''  in  the  portion  of  tlie 
range  south  of  Beaver  Canyon  commonly 
knowTi  as  the  “Jurloose"  district. 

The  volcanic  rocks  have  been  cut  b}’  fissures 
that  trend  north  to  northeast,  adjacent  to 
which  they  have  been  siUcified  and  pyritized. 
On  weatherb'.g,  those  metamorphosed  rocks 
alter  to  yellow  to  reddish  bro\Mi,  and,  being 
more  resistant,  usually  stand  slightly  above 
the  general  level,  'fliia  rock  when  examined 
m  tho  hand  specimen  is  seen  to  contain  small 
vcinlets  of  quartz  and  cr3rstul3  of  p^Tite,  or,  in 
the  weathered  rocks,  cavities  containing  the 
alteration  products  of  pyrite. 

The  portions  containing  the  most  iron  are 
said  to  give  the  best  pannings  of  gold.  Tlic 
silicified  “ledgi«”  are  numerous,  and  some  of 
tium  can  be  toiced  for  sevoral  hundred  feet. 
Material  that  was  said  to  “  pan  well’ '  was  in 
small  le<lges  and  was  apparently  confined  to 
small  streaks  iu  the  lodges.  One  poorly 
defined  vein,  containing  abundant  cnlcito  with 
some  quartz  and  copper  cirrboiiate.,  was  stated 
to  have  assayed  high  in  gold  and  silver.  Con¬ 
siderable  prospecting  has  vec.ently  b<>en  re¬ 
ported. 

onioix  OF  THE  ores. 

Tho  origin  of  the  contact  deposits  and  of  the 
closely  allied  replacement  veins  in  tho  sedi¬ 
mentary  rocks  ojm  ho  referred,  with  much 


assuranw,  to  the  intrusion  of  the  granitic 
rocks.  Evidenro  as  to  tho  origin  of  the  veins 
in  the  volcanic  rocks  is  meager,  hut  compuri- 
sou  with  those  in  tho  'J'ushar  Kango  to  which 
they  aro  most  closely  allied  suggests  that  they 
also  are  afU-r-efFeefs  of  igneous  activity. 
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TL'SHAR  RANGE. 

By  B.  .S.  Butler.* 

GEOGRAPHY. 

The  Tushar  Moimtains  are  in  southern  Utah 
m  Beaver  and  Piute  counties.  Their  northen'. 
extension  is  the  Pavanl  Range,  from  which 
they  are  separatcil  by  a  low  divide.  They  are 
the  liighest  mountains  hi  southern  Utah  and 
their  peaks,  e.xcept  for  some  in  tho  Uluta 
Mountains,  ore  the  highest  in  the  State. 
Mount  BcUtnap,  Mount  Bnld,v,  and  Delune 
Peak  all  ri.so  above  12,000  feet.  The  range 
trends  generally  north  hclweeti  Sevier  Valley 
on  the  east  and  Beaver  Valley  and  its  nortli- 
w'ard  extension  on  tho  west.  The  width  of 
the  range  in  tho  latitude  of  Marysvalc  is  about 
15  miles. 

From  the  summits  of  Delano,  Baldy,  and 
Belluiap  peaks  the  mountain  slopes  away  in 
all  directions.  The  slope  northward  along  the 
•crest  of  the  range  to  tho  Clear  Creek  Pass  is 
relatively  rapid,  the  crest  lino  descending 
5,000  feet  in  about  10  miles.  Southward  from 
the  main  summits  tho  di'scent  of  the  crest  is 
less  abrupt,  maintaining  a  height  of  neorly 
10,000  feet  for  about  20  miles  and  then 
descending  to  slightly  over  7,000  feet  in 
Fremont  Pass.  Ih'om  tho  main  crest  long 
spurs  separated  by  deep  canyons  descend  later¬ 
ally  to  the  valleys  on  the  east  and  west.  The 
botloina  of  both  Sevier  and  Beaver  valleys  in 
the  latitude  of  the  highest  pealra  are  about 
6,000  feet  above  sea  level,  giving  the  higher 
pealca  a  maximum  relief  of  about  6,000  feet 
and  the  crest  of  the  range  for  many  miles  a 
relief  of  fuUy  a  mile.  Li  Sevier  Valley  south 
of  Marys  vale  tho  base  of  the  range  is  bordered 

>  TIi.scd  on  rcvoninlvmiiru  madi*  by  tin*  wrltrr  in  Ih*  Wl  <>■' 


TUSH.VK  !?AXCE. 


537 


bv  IV  gMil'y  slope's  gvtv^ol  toiTace,  iii  which 
si'vicr  Rivv'r  “''vl  tho  mountain  streams  have 
cut  relatively  naiTow  cmiyon-like  valleys. 

Tlio  liigli  range  receives  a  relatively  heavy 
precipitatiou,  which,  falling  as  snow  in  winter, 
melts  slowly  and  maintains  the  stream  flow  far 
into  the  summer.  In  some  seasoms  snow  j 
remains  in  the  range  in  proU'cted  places  i 
throughout  the  yeAP. 

Tlic  drahioge  is  into  Sevier  River.  Tnat 
from  the  east  side  of  tho  range  flows  directly 
♦o  the  river,  and  that  from  the  W'cst  flows  to 
Doavor  ('rcok,  which  flow’s  westward  thi’ough 
tho  Mineral  Range  and  joins  the  Sevier  north  of 
Milford.  The  streams  coming  into  tho  Sevier 
Valley  furnish  water  for  the  irngation  of 
numerous  ranchos,  and  Boaver  River  supplies 
several  prosperous  commimitios.  The  w'atcrs 
of  the  Beaver  River  are  also  utilized  for  tho  do- 
Yclopmeiit  of  electric  pow’cr,  and  other  streams 
could  bo  so  utilized  if  nec^ssoiy.  The  higher 
portions  of  the  range  (e.xcept  tho  highest  peaks 
which  arc  above  tirohor  lino  and  nearly  de¬ 
void  of  vegetation)  bear  a  rather  abundiuit 
growth  of  timber  suitablo  for  building  and 
miniiig.  Generally,  the  camps  of  the  Tushar 
Range  oro  better  supplied  W’ith  water,  timber, 
and  farm  products  than  most  districts  of  the 
State. 

PHVSIOGBAPHY. 

PhysiographicaUy  tho  Tushar  Range,  as 
notcid  by  Dutton,*  is  a  transitional  between  thc 
bnaiu  ranges  on  the  w'est  and  tho  high  plateaus 
oil  tho  east,  being  broader  and  less  tilted  than 
tho  one  and  narrower  and  more  tilted  than  the 
other.  It  consists  of  a  long  nonow  block 
hounded  on  the  east  and  west  by  gioat  faults. 
Sevie.r  Valley,  to  tho  east  of  the  range,  is  a 
n^markable  structural  trough  formed  by  the 
mlalivo  sinking  of  a  narrow'  block  betw’een  two 
great  parallel  faults. 

However,  though  tho  main  outline  of  the 
range  is  due  to  great  structural  brealcs  and  dis¬ 
locations,  most  of  the  details  are  tho  I'esult  of 
erosion,  which  boa  dissected  tho  gi'oat  tabular 
mass  forming  tho  range  into  spurs  and  canyons. 
Some  of  the  east-west  canyons,  however,  appar- 
ffllly  owe  their  position  to  fault  zones,  though 
^hey  do  not  follow  them  thi’oughout  their 
^tent.  Tile  greater  part  of  tho  erosion  is  due 
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to  ordinary  agencies,  but  that  in  tho  liighcr 
parts  of  the  range  is  partly  due  to  glaciers,  as 
is  plainly  shown  by  civquolikc  valleys  and 
raorainnl  deposits. 

Ill  tlie  vicinity  of  Maiysvale  gravel  teiTiicos 
that  occupy  the  marghis  oi  the  vallov.s  high 
above  the  present  levels  of  tho  streams  w’ere 
evidently  formed  before  the  main  river  canyon 
w’ns  cut  to  its  present  depth. 

This  canyon  cuts  through  a  mass  of  igneous 
rocks  that  Dutton  *  attributes  to  outbursts  of 
volcanic  material  in  tho  bottom  of  the  valley: 

Twenty  north  of  Cirelo  Valley  and  jiint  b*Ho»r  the 
hamlet  of  .MHr}’>r\'a1a  another  ixifUQilerahlo  harrier  lies 
acn>sa  the  vaitey  of  the  Sevier.  It  emv^a  of  a  ntaiu  of 
rhyoHlin  lavaa,  wliirii  broke  out  in  tho  valley  l>t)ttiim  iu 
many  enipliona  and  now  remain  ns  a  chaos  of  tangled 
sheets  sirotehing  from  wall  to  wall.  Tho  river  has  niain- 
'aioed  a  canyon  thnnigh  t.bo  nuts)  right  at.  tho  haso  of  the 
spurs  of  the  Ttishar,  whose  front  hero  is  not  mural  but 
mountainous. 

Dutton  evidently  did  not  examine  this  bar¬ 
rier  closely  and  w'osnot  nwnre  that  it  was  mtuie 
up  in  considerable  part  of  granitic  rock  intru- 
sivo  into  tho  flows  and  tuffs.  It  is  hardly 
conceivable  that  a  largo  mass  of  fluid  rock 
material  cotdd  have  been  intruded  into  a  small 
mass  of  lavas  and  tuffs  after  the  valley  had  been 
formed  in  essentially  its  present  form  and 
solidified  as  a  granitic  rwk.  To  tho  w’ritor  it 
seems  more  natural  to  assume  that  in  tho  sink¬ 
ing  of  tho  block  that  forms  the  bottom  of 
Sevier  Valley  some  portions  were  depressed 
less  than  others  and  thus  there  were  struc¬ 
tural  elevations  mid  depressions — the  valley 
south  of  Marysvale  being  such  a  depression  and 
the  barrier  north  of  Maiysvalo  being  such  an 
elevation — or  that  irregularities  hi  the  surface 
previous  to  faulting  were  retauiod  in  tho  sunk¬ 
en  block.  Dutton®  notes  that  locid  uplifts 
transvei'so  to  tho  valley  arc  associated  with  tho 
obstruction  south  of  Circle  Valley.  Such  up¬ 
lifts  may  w'oll  have  occurred  in  connection  with 
tho  obsti-uction  near  Mtu-ysvale,  though  no  evi¬ 
dence  of  them  was  noted.  Whatever  tho 
cause  of  tho  barrier  the  area  behind  it  would 
naturally  be  a  collecting  ground  for  the  sedi¬ 
ments  from  tho  adjacent  Biountains  till  the 
river  had  cut  thiough  the  borrior  and  fur¬ 
nished  an  outlet.  The  stream  then  begun 
clearing  tho  valley  of  the  material.  The  ter¬ 
races  represent  tho  portion,  still  remaining.  ^ 
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GEOLOGY. 

SEDIMENTARY  ROCKS. 

The  exposed  rocks  of  (he  rungo  are  Inrgel) 
igneous,  tho  basement  on  which  (ho  extrusive 
rocl<a  rest  being  exposed,  in  relatively  few  plucte 
and  over  rehitively  small  areas.  Wherever 
exi)Oscd  it  is  seen  to  bo  coinponed  of  sedimen¬ 
tary  rocks — mainly  limestones  anti  qunrtzitic 
sandstones  mth  some  shaly  sediments.  Its 
largest  exposure  is  along  tho  oust  front  of  the 
nrngo  bptween  Bullion  and  Teiur.ilo  canyons. 
Within  tho  main  canyon.s  (Bulhon,  Little  Cot¬ 
tonwood,  and  Tcnmile)  the  sedimentaiy  rocks 
outcrop  for  several  miles. 

The  rocks  are  too  ptmrly  e.\pt)se<l  and  liave 
been  too  greatly  disturbed  to  make  an  nccurnte 
understanding  of  their  stratigraphy  possible 
without  detailed  mapping.  In  Little  Cotton¬ 
wood  Canyon,  where  tho  e.xjiosures  are  beat,  a 
rough  estimate  of  the  thicknc.s.s  shows  inter- 
bedded  quartzite  and  limostono  500  to  600  feet 
thick,  overlain  by  300  to  400  feet  of  massive 
quartzite  overlain  in  turn  by  a  scries  of  lime- 
atone  and  shaly  beds  whose  thiekiu'ss  probably 
exceeds  1 ,000  feet,  tho  whole  overlain  quartz¬ 
ite,  a  few  hundred  foot  of  which  is  still  pre¬ 
served.  In  Tcnmile  Canyon  there  is  a  c<  nisider- 
fthln  thickness  of  sandstones  end  shales.  The 
relations  of  the  two  were  not  detennined. 

'riie  ago  of  the  sedimentary  roclvs  of  the 
Tushnr  Range  is  given  as  Jurassic  by  Dutton  ' 
on  tlie  basis  of  tho  presence  of  the  fossil  form 
Pentacrimis  astfriscu^.  Fossils  obtained  by 
tne  writer  from  tho  upper  limostono  of  Little 
Cottonwood  Canyon  wore  detennined  and 
a.scribed  to  the  Jurassic  by  J.  B.  Rccsulc,  jr., 
a.s  follows: 

V800.  No.  -IS.  Laoso  fragnicnts  trom  upper  limeatone, 
CotUmwiwd  Canyon:  Odrea  d.O.  I'.ri'/Uccula  WTiitc,  PhoUi- 
doniyaci.  P.  hiu/ii  Xlcek,  and  Cawpluneeifstli/ffins  While. 

7891.  No.  27.  Coltonwciid  Canyon:  CamptorucUi  aly- 
giu*  Whilo,  Camplonectesf  sp.,  and  Pmlacrln'ja  sp. 

IGNEOUS  ROCKS. 

EXTRUSIVE  ROCKS. 

..Vreally  tho  volcanic  rocks  arc  by  far  the 
most  widespreixd.  They  vary  in  character 
from  massive  flow's  of  poipbj'ritic  rook  to 
extensive  beds  of  fine  stratified  tufi’s,  locally 
known  as  shale,  intei-stratified  with  bixls  of 
volcanic  dfibris  accumulated  from  tho  earlier 


flows  by  erosion  between  eruptiorus.  According 
to  Dutton  -  such  volcanic  sediments  are  present 
in  laige  amounts  in  tho  southern  part  of  the 
rango  and  indicate  that  at  the  tunc  of  their 
accumulation  the  northern  part  of  the  range 
was  the  higher  and  furnished  the  material  for 
the  sediments  depo.sitod  to  the  south. 

In  the  northeni  part  of  the  range  the  vcl- 
canio  rocks  may  bo  rougldy  separated  into  a 
basal  portion  composed  mainly  of  ma-ssive 
flows  and  breccias  and  an  upper  portion  com¬ 
posed  predominantly  of  tuffs  and  thin  flows. 
The  basal  portion  is  well  exposed  in  Bullion, 
Little  Cottonwood,  and  Tenmilc  canyons  and 
is  present  to  a  less  extent  further  north  on  the 
west  side  of  tho  range. 

In  mineral  composition  tho  successive  flows 
show  slight  differences  in  composition,  hut  all 
beloug’  to  intciTOediate  groups.  Quartz  pheno- 
crysts  are  present  in  most  of  the  rock,  though 
in  some  places  tliey  are  relativel3'  scarce. 
Plagioclase  (andesine)  predominates  over  ortho- 
clase  in  the  phenocrysts.  In  the  groundmass 
the  relative  abundance  of  the  fclilspare  can 
not  bo  detennined.  Both  hornblende  and 
biotite  were  abundant  but  have  usually  been 
partly  or  entiirly  altered  to  secondary  minerals. 
From  microscopic  study  tho  rocks  are  classed 
as  dacite,  tliough  chemical  investigation  would 
doubtless  show  that  some  of  them  are  quartz 
latito  and  some  possibly  might  he  classed  ns 
andesite. 

Overlying  the  heavy  flows  and  forming  the 
higher  parts  of  the  range,  esjiecially  to  the 
north,  where  they  extend  well  down  toward 
the  base,  is  a  series  of  light-colored  rhyolitic 
flows  aud  tuffs,  locally  know'll  as  "shale.” 
Similar  rocks  w'cre  seen  in  considerable  abun¬ 
dance  in  the  volcanic  mass  in  Sevier  Valley 
north  of  Marj’svale.  The  composition  of  these 
rocks  is  not  known,  as  they  have  not  been 
nualj'zed  chemically  and  are  too  lino  grained  to 
be  detennined  microscopically.  In  large  part 
they  are  distinctly  rhyolitic  and  are  doubtltsa 
either  true  rhyoli  tes  or  quartz  latitos.  'iMiether 
these  rhyolitic  rocks  ever  covered  tho  entire 
ninge  can  not  bo  stated  positively.  Their 
greater  abundance  toward  the  north,  how’cvcr, 
suggests  that  they  w'ore  erupted  from  vents  m 
tho  northeni  part  of  tho  rungo  and  that  if  they 
ever  extended  over  the  southern  and  south¬ 
eastern  portions,  it  w'us  as  a  relatively  tiun 
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cflvcrinjj.  Tho  lutost  crupCivc  rocks  in  the 
piiige  arc  bnsnltic  flows,  which  cover  an  exten¬ 
sive  iii'f'a  southeast  of  Beaver. 

tNTRDSrVE  ROCKS. 

Infnisivc  rocks  as  observed  in  the  range  ure 
of  ivlatively  slight  areal  e.vtent.  Two  cou- 
sidenible  bodies  were  noted  and  numerous 
dikes  are  present  in  various  parts  of  the  dis¬ 
trict.  It  is  possible  and  even  probable  that 
sills  of  pnrph^Ty  arc  also  present,  but  if  so,  they 
resemble  the  flow  roeks  so  closely  that  detailed 
study  will  bo  necessary  to  prove  their  presence. 
Tho  larger  intrusive  bodies  are  in  the  Antclopo 
R;;ugc  north  of  Marysvnlo  and  on  the  western 
Uniili  of  Baldy  and  Belknap  peaks,  several 
miles  north  of  Beaver.  Neither  body  ha.s  been 
carefully  outlined,  but  each  is  several  square 
miles  in  extent.  The  one  north  of  Beaver, 
shown  on  earlier  maps  as  pre-Cambrian,  occu¬ 
pies  30  to  40  square  miles,  and  the  one  in  the 
Antelope  Range  must  occupy  8  to  10  squam 
uvile.s. 

The.  main  body  of  both  intrusive  masses  is 
composed  of  rather  abundant  quartzwith  ortho- 
rksn  and  plagioclase  in  about  equal  amounts. 
Tho  rock  contains  also  considerable  augitc,  bio- 
tite,  and  magnetite  and  in  composition  corrt'- 
spomls  to  quartz  monzonitc.  Locally,  tho  roclcs 


arc  more  acidic  and  pass  into  true  granite. 


Soma  phases  of  the  roolts  tha  t  showed  no  free 
quartz  may  be  clas-scd  ms  monzonitc. 

Dikes  cut  both  tho  volcanic  and  tho  sedi- 


incatnry  rocks  of  the  range.  Most  of  them 
are  rather  fine  grained,  porphyritic,  and  range 
in  composition  from  quartz  monzonitc  por¬ 
phyry  to  basic  types  containing  abundant 
nugito  uud  biotite,  with  tho  general  composition 
of  enmptonite.  They  closely  resemble  tho  por- 
ph3’ritic  lavas,  from  which  they  are  not  readily 
^tiiiguishcd,  and  wthout  detailed  work  it  is 
impossible  to  state  how  abundant  they  arc. 
Pi^ininent  dikes  of  the  mouzonitic  and  dioritic 
coraposition  are  present  near  the  Sevier  Con¬ 
solidated  and  Aniiio  Laurie  mines,  and  more 
basic  dikes  were  noted  in  upper  Tenmile  Canyon 
*iid  in  the  Deertrail  in’mo. 


nEUiTION  OF  THB  CtTRUSIVE  TO  THE  ThOW  ROCKS. 

The  relation  of  the  large  intrusive  masses  to 
c  flow  rocks  is  not  everywhere  obvious,  but 
^0  rocks  extending  from  the  main  mass  into 
0  overlying  volcanic  rocks  were  noted,  and 
®se,  together  with  tho  change  in  texture  of 


the  iutru.sive  rock  from  granitic  to  distinctly’ 
porphyiiiic  near  the  contact  with  tho  flow 
locKS,  indicates  that  the  intnisive  rocks  are 
utcr  than  the  flows.  Their  present  I’clations 
arc  believed  to  he  due  to  the  intrusion  of  the. 
granitic  rocloj  into  tho  flows  rather  than  to  the 
burial  of  an  old  erosion  surface  beneath  tho 
l.ivas. 

The  flow  rocks  have  been  considorablv  altered 
near  the  rntru-sive  contact,  and  (he  general  out¬ 
line  of  the  granitic  areas  in  the  Antelope  Range 
can  be  readily  trucnl  from  a  distance  by  the 
highly  col(»recl  rocks  a  t  the  con  tact.  A  sim  ilar 
alteration  in  tho  Indian  Cnn'k  area  is  shown  at 
tho  Red  Buttes,  north  of  the  Rob  Roy  mine. 

AGE  OF  THI  lOKEOTJS  ROCKS. 

B’ithin  the  Tushar  Range  oi\ly  Jurassic  sedi¬ 
ments  and  those  of  n'ecut  formation  have  been 
recognized,  so  that  it  Is  iinpos-siblc  to  deter¬ 
mine  closely  the  age  of  the  Igneous  rocks.  Tlio 
e.vtrusivo  rocks  floweil  out  on  the  erodc*l  sur¬ 
face  of  tho  Jurassic  sediments  find  are  therefore 
post-tiurassic.  From  evidence  hi  ailjoining 
areas,  however,  Dutton  has  concluded  that 
volcanism  began  in  early  Tertiary  time  and 
continued  tliroiigh  a  long  period.  The  latest 
volcanic  activity,  the  outpouring  of  basaltic 
lavas,  was  of  veiy  recent  date  and  may  have 
occurred  only  a  few  thousand  yeara  ago.  It 
seems  probable  that  the  volcanic  eruptions 
which  built  up  tho  main  range  were  active  at 
intervals  through  the  middle  and  possibly  into 
late  Tertiary  time.  The  granitic  rocks  are 
later  thou  tho  main  body  of  the  flows  and  their 
intrusion  may  have  taken  place  as  recently  ns 
late  Tertiary. 

STRUCTintE. 

Faulting  has  been  important  in  tho  creation 
of  tho  present  Tushar  Range.  According  to 
Dutton  a  fault  extends  for  miles  along  the 
eastern  front  of  this  rut^e  and  its  extensions 
and  is  paralleled  by  another  fault  (tho  S<ivicr 
fault)  a  few  miles  to  the  east.  Sc^^el•  Valley 
is  considered  to  have  been  formed  by  the  subsi¬ 
dence  of  the  block  between  these  great  faults. 

The  western  face  of  the  Tusliar  Range  is  in 
Ime  inth  the  extension  of  tho  Hurricane  fault, 
which  is  prominent  farther  south  and  is  con- 
.sidered  by  Lee  ‘  to  form  the  western  boimdary 
of  the  range.  Within  the  Tushar  Range  tbero 

I  \v.  Water  rrsourixa  of  Beaver  Valley,  Utah:  U.  8.  IjOoL 
Survey’ WaWr-Supply  Paper  317,  p.  IS,  WS. 
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hiis  been  consitlcrftble  north-south  faulting  pai- 
iiUcl  to  the  great  faults  that  oullino  tho  range. 
These  minor  faults  are,  na  a  rule,  not  rcadil\ 
recognized,  on  account  of  the  sunilarity  of  the 
successive  Hows  and  tlic  small  amount  of  sedi¬ 
mentary  rocloi,  but  in  place.s  they  are  easil} 
determined.  Such  a  fault  Is  well  exposed  near 
tho  Crystal  mine,  south  of  Cottonwood  Canyon, 
where  tho  volcanic  I'oeks  are  thrown  dowm 
against  the  (luiirtzites,  the  fault  being  marked 
by  a  zone  of  fault  breccia.  The  northward  e.x- 
tcnsioii  of  this  fault  marks  the  houiidarj'^  be¬ 
tween  the  quartzite  to  the  east  and  the  vol¬ 
canic  rocks  to  the  west.  A  similar  relation  is 
seen  in  tho  workings  of  the  Bully  Boy  muic,  in 
Bullion  Canyon,  where  in  places  quartzite, 
forurs  one  wall  of  the  ore  vein  and  volcanic 
rocks  tho  other,  4ind  strong  slickensiding  tes¬ 
tifies  to  the  movement  that  has  taken  place. 
Similar  displacements  dt)ul)tles3  occur  within 
the  volc^tuic  rocks,  hut,  ns  already  slated,  the 
similarity  of  tho  rocks  renders  recognition  diffi¬ 
cult  without  detailed  geologic  work. 

Kast-W('.st  faulting  seems  to  have  been  less 
important,  both  in  determining  the  structui'c 
of  the  range  and  in  connection  vuth  the  ore 
tieposits.  Some  fissuring,  which  was  uoac- 
companiod  by  important  movement  but  which 
permitted  the  circulation  of  mineral-bearing 
solutions,  may  also  linvo  taken  place. 

The  main  faulting  occurred  later  than  the 
extrusion  of  th<j  bulk  of  the  flow  rocks.  Its 
oxoet  geologic  time  is  not  rca<my  fixed,  and, 
in  fact,  tho  movement  doubtless  continued  at 
intervals  ovor  a  considerable  period.  Dutton,' 
from  natiidy  of  the  faults  over  a  wide  area,  con¬ 
cluded  that  the.  imiin  fault  movement  began  in 
late  Tertiary  time  and  continued  perhaps 
even  to  tho  present  day.  That  movement 
along  some  of  these  faults  is  still  in  prepress  has 
been  indicatetl  by  severe  earthquakes  in  recent 
years. 

HISTORY  AND  PRODUCTION. 


By  V.  C.  JTkikks. 


The  area  of  the  Tushnr  Ilange  .nciudes  tne 
Gold  Mountain,  Ohio,  Mount  Bnldy,  Kewton, ' 
and  Henry  districts. 


GOI.D  .MOU.MUIV  DISTRICT. 

Tho  Gold  Mountain  district,  in  Piute  and 
Sevier  eoiintios,  was  organized  April  24,  1SS9. 
Kimberly,  which  was  tho  principal  camp,  is  15 


Dulton,  C.  K.,  Occioo-  of  the  hl|*  pl.ilo.^is  of  Uuili,  U.  R.  Ceoi  nn 
C<»1.  Soncy  R4x:ky  M(n.  ivij. 


miles  southwest  of  Sevier  on  the  Denver  &  Rio 
Grande  Railroad.  According  to  Lindgren,= 
the  region  was  knowni  to  be  mineral  beariev 
from  the  earlier  da^’u,  for  it  lies  only  a  few  miles 
northwest  of  Marysvalo  and  Bullion  Creek, 
'fhe  ores,  however,  did  not  prove  amcnahlo  to 
tho  ordinary  amalgamation  proei's.®,  and  (he 
primitive  reduction  works  were  complete  fail¬ 
ures.  With  tho  lulvent  of  tho  cyanide  proecja 
however,  a  method  which  permitted  the  suc¬ 
cessful  working  of  tho  ores  was  devised. 

In  1892  the  Sevier  Cotisolidated  Gold  Mining 
Co.  completed  a  lO-slamp  pan-amalgaiuatioa 
mill  and  produced  lOO  ounces  of  gold  and  39S 
ounces  of  silver  from  210  tons  of  ore. 

In  1S94  tho  gold  shipments  are  .said  to  htvo 
averaged  85,000  monthly.  During  1S95  two 
mills,  the  Butler  and  Sevier,  were  in  operation. 
In  1899  tho  Annie  Laurio  Mining  Co.  bu'lt  its 
present  mill  and  worked  continuously  from 
January,  1901,  till  the.  end  of  1908.  In  1905 
tho  Sevier  Co.  replaced  its  10-stamp  mill 
with  a  new  mill  using  a  different  trentcient 
that  involved  eoneentration  as  well  as  plate 
amalgamation  and  cyanidution.  The  dis¬ 
trict  produced  a  rather  steady'  but  small  quan¬ 
tity  of  gold  between  1892  and  1897  tuid  again 
between  190.3  and  1907.  Between  1910  and 
1913  the  Sevier  and  Annie  Laurie  produced 
several  thousand  dollars’  w’orth  of  gold  and 
silver  bullion. 

Statistics  of  production  for  the  disirict  prior 
to  1901  arc  not  available,  but  estimates,  based 
on  considerable  information,  arc  submitted  in 
the  tabulation  below'.  Since  1902  the  statis¬ 
tics  of  production  have  been  compiled  from 
the  records  of  tho  United  States  Geological 
Survey. 

OHIO  DfSTRlCT. 

The  Ohio  mining  district  is  6  miles  south¬ 
west  of  Murysvalo  on  Sevier  River  in  Piute 
County.  The  district  wms  organized  in  Feb¬ 
ruary,  1868,  and  again  in  August,  1872.  In 
the. seventies  Bullion  and  W'ebstcr  cities  were 
important  ca.'np.s.  Bullion  wi\s  once  tne 
county  scat  of  Piuto  County  and  contained 
about  200  inhahitauts  and  40  to  GO  dwellings. 
Wheeler,’  in  1872;  states  that  tho  priaeipid 
claims  w'ere  the  Daniel  Webster,  with  a  shaft 

W’-Uilomitr,  Tlio  .\ni)lo  Laurio  nilBO,  Piuta  Counl.''.  C.al'- 
U.  8.  C*ol.  Snn-ey  Bull.  2X').  p.  ,ST,  IW.. 

•U.  S.  fleog.  StiTT’eys  W'.  lonih  Mer.  ITos.  IWpt.  I.S72,  pp.  -> 
isn. 
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p.vtluwd  in  Gold  Mouni/iai  district, 


Vec.r. 

Ore 

(shnrt 

tuns). 

Hold. 

Silver. 

Toiid 

valuo. 

TTne 

ounces. 

Value. 

Fine 

ouai.'es. 

Vabio. 

gSMOOO . 

“21.500 

7,  740. 00 

5ieo,ooo 

372,  2M 

61,000 

<138,507 

28.928 

819.3,  .507 
401,  181 
518,482 
4,5«.C1,8 

“  00,000 
7S,  wt; 

18,  007.  72 
23,  300.  80 
20. 335.  00 
18,427  80 

48.213 

G3, 240 
59,580 

30.239 

05,  800 
7.1,909 
5.3.850 

19;  2S3.  60 
15,  .354.  75 
12,289.90 
3, 075. 00 
21  S9 

11,.^ 

413.  3m5 

M‘>7  7J7 

432,  1 50 

?*>4  O&o 

92*1 

302,  (i7 1 

13,341 

f  }  Akif'f 

•>I  1 

278,  .5()ti 
08,501 

40 

‘452 

11.049 
?1  7'W 

G.  COO 

603  51 

1, 061.  5G 
1-H.  43 
2,  :183. 47 
279.  54 

1 

10 

407 
12.  382 

3;  004 
310 

1  9^ 

. . 

10, 874 
131 

49,271 

6,773 

9,278 

4  415 

K  371 

0, 

1'  510 
-2,003 
923 
908 

BQi; 

116 

44S.  82 

1  AIA 

87 

213.53 
133.  90 

'  nO‘> 

74 

748 

600, 912 

113,601.27 

2, 9C7, 674 

4t)0, 2-28 

273,  UtW 

3,24l,5.s:i 

»  I'artl;  ttslimalod. 


65  feet  deep  and  a  tunnel  50  feet  long.  Other 
clairjs  wore  the  Homestead,  Blue  Cloud, 
Spring  Tovsm,  Niagara,  Morning  Star,  St. 
La^Teuce,  and  Great  Western.  Gold-beariug 
sand  was  diseovorod  in  Pine  Gulch  Creek  in 
the  early  part  of  1S6S,  und  about  .SlOO  worth 
of  gold  was  washed  out  at  an  expense  of 
several  thousand  dollars.  This  led  to  the 
discovery  of  a  gold  quartz  vein  b3"  Capt.  Hess. 
Coisidcrablo  quiolisUver,  caught  in  the  sluice 
boxes,  was  at  one  time  thought  to  be  a  sur¬ 
vival  of  earlier  operations  but  is  now  known  to 
have  been  derived  from  local  rocks.  In  1S72 
t  mill  with  two  400-pound  stamps,  run  by  a 
12-Iiorsepower  engine,  was  buUt  by  the  Piute 
Silver  Mining  Co.  but  proved  a  failure  and 
was  not  worked. 

Huntley  '  says:  | 

The  Ohio  mining  dii;(ri<'t  is  a  few  miles  squai’e  and  | 
•ncludcj  several  prccipitoiis  ridges  and  deep  gorges  on  | 
ihe  eaaterc  fat  e  of  tho  Mount  Huldy  Ratigc,  90  Diile<  , 
•oath  of  Juab.  It  wss  orgnai/.eil  in  IPfiS  or  1.^09  and  ro- 
'*S®“*zed  in  Augn.‘>t..  1S72.  There  were  iSO  locations  on 
'b«  records,  but  not  a  ([uarter  of  that  ntimlxT  are  still 
MarysA  ale,  6  miles  from  the  mines,  in  the  ^’alley 
of  Ih#  Sevior  River,  is  tho  district  jxvst  oflicc  and  the 
Mt.Icojiont  from  which  supplies  are  obtained. 

The  Copper  Belt  property  was  developed 
ir.  l.%2  through  a  shaft  300  feet  deep.  Ore 
milled  at  a  10-stamp  mill  in  Bullion 

'  incul*:  Tcnili  roii>ai  f.  S,,  val.  13,  p.  •*C-2,  ISS3. 


Canyon,  some  di-stanco  from  the  mine,  but  the 
yield  did  not  equal  expectations.’  In  1SS4 
the  principal  properties  were  the  Copper  Belt, 
Mohawk,  Bello  of  the  Vale,  Manhattan,  Web¬ 
ster,  Bully  Boy,  Giles,  Filmoro,  Elsie,  Sien-a 
Nevada,  Bucher,  und  Chattanooga.  Iti  1S98  the 
Wedgo  property  was  discovered  and  has  l>cen 
a  considerable  producer  of  high-grade  gold  ore. 

•VtTKi*  of  the  Ohio  dlstrirt  * 

-  j 


Mines. 

Tufa! 
length 
of  open¬ 
ings. 

Remarks. 

Copper  Belt . 

Fetl. 

280 

Ore  assays  §200  gold  and 
about  ounces  silver; 

Webster  and  Home- 

«2(!0 

20  tons  shipped  prior  to 
June,  1880. 

1  Ore  $12  gold  and  §58 

stead. 

Great  Western . 

<-  150 

I  silver,  average, 
j  Oro  msaya  §20  to  §150  pur 

Morning  Star  group. 

1  300 

1 

ton. 

Oro  high-grade  mill:  few 
tons  shipped  in  census 
yeareolu  at  §120  per  ton. 
Ore  averages  §25  ton. 

Beecher . 

500 

•  Shatl-S  uOo  crosicofs,  etc.  *  ^hurt. 

nte  Denver  &  Bio  Grande  Jlailroad  was 
completed  to  Murysvale  in  1900,  and  although 
it  stimulated  productioa  to  some  extent  the 


J  t)irt«Uiro(Uinl  Ropt.  upon  production  of  precioai  inetnl'.  IWJ.  P- 
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ores  shippeil  from  tlio  Ohio  district  did  not  I 
como  up  to  expectations.  The  produetion  of  1 
the  Ohio  und  Mount  Buldy  districts  between 
1.S68  and  1903  cun  not  ho  exactly  stated  j 
hut  is  said  to  have  been,  witli  milling  ores  j 
included,  between  8,000  and  10,000  tons.  Only 
since  1904  have  the  reports  of  producers  been 
available  to  complete  the  following  table: , 


iQ  limestone.  The  ore  contains  horn  silver  in  whirk 
particles  of  pihl  are  visible.  Sevoo  tons  of  the  tor'e4  ore 
iiad  boon  shipped  and  averaewi  about  $100  gold  ni»<l  $200 
silver  per  ton. 

The  Lucky  Hoy  oLiiin  on  tho  sido  of  this  mountain  con¬ 
tains  small  bunches  of  sehiiudo  of  mercury  in  liroostinc. 

Otiier  promising  prospects  in  the  district  me  the  .llfna, 
PlaU  do  Mina,  Uncle  Sam,  Rolh-cliild,  Clyde,  Crj-stal, 
and  Monte  del  Rey. 


iftlal*  produced  hi  OJao  and  \f<nuit  Bnldij  viining  rfisfrif/*,  IW4-/9/7. 


Year. 

Ore 

(short 

U'us). 

Gold, 

Silver, 

Copper. 

Lead. 

Total 
\  aliie. 

Fine 

ounces. 

Value. 

Fine 

ounces. 

Value. 

Foundft. 

Value. 

Pouada. 

Value. 

1904 . 

73 

2fi  31 

$514 

2, 1-tO 

$1. 225 

1 

17,3.50 

$759 

$2,528 

190.5 . 

•19 

15.00 

310 

1,499 

843 

. 

12»5<i0 

-590 

1, 7a5 

lOUG . 

.30 

BOO 

103 

'3.80 

255 

. . 

'3iS 

lfl«7 . 

136 

34.00 

703 

4,407 

2, 909 

13, 454 

$2,691 

32,  296 

1,712 

8,015 

1908 . 

20 

0.  79 

120 

414 

220 

205 

27 

2,927 

123 

490 

t0«9 . 

16.87 

349 

1,0.50 

6-15 

.3,  632 

472 

881 

33 

1,404 

1010 . 

157 

r>.31,  38 

10,981 

7,432 

4, 0t3 

12,  127 

1,640 

16.537 

1911 . 

151 

20-1.  (30 

4,  2:10 

4,  137 

2. 192 

7,810 

'977 

• 

7.3S9 

1912 . 

al,02.> 

22.87 

'  473 

2,  3(38 

1,457 

3,  106 

612 

21,889 

985 

3,427 

19l:5 . 

“9:)5 

121.  12 

2,510 

4, 3(18 

2,  G33 

3,901 

693 

40. 468 

2,  01  1 

7,797 

191-1 . 

1,328 

101.  OG 

2,  103 

10, 156 

5,  622 

3,fi.1.5 

483 

119,832 

4,  073 

12,886 

1910 . 

09 

1, 188. 1)9 

21,  159 

772 

391 

463 

81 

8.231 

1-52 

24,783 

lOlti . 

239 

221.41 

4,577 

6,  205 

•1,  123 

5,  622 

1,383 

49,983 

3, 449 

13,832 

1917 . 

2.  (tt-1 

905  83 

19. 72.5 

45. 832 

37,  766 

18,  770 

5,12-1 

^0, 476 

46. 481 

ICS,  GM 

ti,320 

3, 3bi  17 

69, 805 

91,131 

64,  2Ul 

72,  734 

13,895 

847, 883 

61,006 

208,397 

s  (tro  ylclck'il  sums  cocrciilniun  ai  IJully  Hoy  mill. 


.MOirNl’  BALDY  DISTniOT. 

Tlio  Mount  Bnldy  district,  in  Piule  County, 
adjoiiLS  the  Ohio  district  on  (ho  north  nnd 
e.xtenda  along  the  pn'cipitous  eikstcni  face  of 
tho  samo  mountain  range  for  S  miles.  Hunt- 
ley  *  describes  it  as  follow's: 

It  was  or5aniKcd  Scpiemher  IS,  1S7S,  and  Hie  reixirds 
chow  190  location-s.  *  s  »  The  Deer  Tr.ail  mino  ia 
situated  on  a  very  steep  mountain  side,  1,!>00  feci  above 
the  , Sevier  River  v'alloy,  5  mites  southwest  of  Marysvole, 
It  was  distxivcred  in  September,  1S78,  and  was  the  first 
location  la  the  district.  It  \va.H  wcrki'd  steadily  until 
July,  18S0.  *  *■  'I'lie  property  consists  of  tho  Deer 
Trail,  Green-eyed  Jfoustcr,  and  Cliff  claims  on  tho  earn© 
vein;  the  Pi  lUe  and  Red  Pino  claims  on  a  parallel  vein 
on  tho  bluff  1,000  feet  above;  two  b-acre  mill  sites  and 
a  sawmill  site.  *  *  »  It  (tho  Ore)  a.'Muys  about  $8 
sold,  Sl.jO  silver,  and  ;J5  per  rout  load.  Tho  eocond-elaso 
ore  Ls  a  hard  quartz,  a-sayiiig  about  |2  gold  an*l  silver, 
and  is  still  on  tho  dump.  *  •  •  The  exact  product 

ran  not  bo  stated  but  W'M  a  few  hundred  tons.  *  •  * 

1  ho  Green-eyed  Monster  is  tho  northern  cxfoninon  of 
the  Deer  Trail.  In  Uiis  claim  the  vein  suddenly  enlarges 
nnd  the  ore  is  of  lower  gmdo.  *  •  *  It  ia  eslimalod 
th.it  the  entire  mass  would  avenge  from  $20  lo$2i  per  ton, 
une-third  of  Iho  value  being  gold.  »  •  • 

The  Pluto  mine  ta  on  tho  mountain  side  above  the  Deer 
Trail.  It  was  locaiod  in  June,  1879.  It  ia  a  2t)-lnch  vein 


I  It  is  reported  ’  that  a  carloiid  of  ore  was 
j  shipped  from  tho  Cr^-stul  mino  in  18S0. 

Several  hundred  tons  of  smelting  ore  is 
‘  mentioned  in  the  census  report  as  having  bi-cn 
shipped  from  the  district  prior  to  1880. 
.tUl  tho  oro  shipped  wus  hauled  many  miles 
until  the  railroad  w'aa  completed  to  Manti  ia 
1890  and  to  Marys valo  in  1900.  Records  on 
file  with  tho  'United  States  Geological  Survey 
show  shipments  made  in  1878  and  for  some  of 
tho  following  years : 


Metals  produced  in  Mount  Baldg  districl,  1S7S-1SH1. 


Year. 

Ore 

(tuna). 

Gold. 

Silver. 

TotrJ 

valuc- 

Pino 

ouucc«. 

Value. 

Fine 

ounces 

Value. 

1878  . 

1879  . 

I880a . 

1882 . 

31 

220 

100 

83 

48.24 

189.58 

24.70 

72.39 

*907 

3,919 

611 

1,496 

6, 396 
20,073 

1.  tio 

4,566 

*T,  355 
22,487 
1,276 
6,2tM 

«,'J52 

26,106 

1,787 

6,700 

•>  riirlly  cstlmntcd. 


I  Tlie  production  of  gold,  silver,  and  copjKT 
'  since  1903  is  included  in  tho  table  for  the  Ohio 
ond  Mount  Baldy  districts.  (See  p.  544.) 


»  rrocluus  mclalsi:  TkiiiU  Cem^iu  I'.  S  ,  vol.  B,  p.  ita,  KW. 


<  Gibba,  J.  r.,  iHmnoia  cominDDlotUon. 
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In  addition  to  shipping  ore  tlio  Green-eyed 
Monster  of  the  Deertrail  produced 

jibout  6,n00  tons  of  milUng  ore  contauiing  a  wut 
$15  in  gold  and  10  ounces  of  f^ilwr  per  ton. 
I’lits  ore  wos  treated  at  a  mill  in  Bulhon  Can¬ 
yon,  but  owing  to  the  largo  quantity  of  “  talc’’ 
itcoatiiiiied  and  the  nnsuitalde  milling  fjiciUties 
the  e.xtractiou  did  not  nverago  much  over  60 
per  cent.  Tlio  tailings,  some  of  which  were 
sul)sequontly  troate'd,  were  to  a  large  extent 
carried  away  hy  flood  wntcu's.  This  body  of 
niilliiig  ore  is  reported  to  have  contained  appre¬ 
ciable  quiuititics  of  mercury  in  somo  of  the 
workings.  Development  has  continued  and  a 
largo  body  of  ore  Ls  said  to  have  been  proved, 
for  the  treatment  of  w'hich  a  milling  plant  was 
completed  ill  1918. 

Adjoining  the  Dcertrail  on  the  west,  and 
owied  by  the  same  interests,  is  an  interesting 
pro[)erty  known  ns  the  Lucky  Boy,  Selenide 
of  mercury  is  foiuid  hero  and  "‘as  worked  for 
quicksilver,  at  one  time  yielding  ns  high  as  60 
per  cent.  The  total  production  is  estimated 
a.s2l3  flasks,  valued  at  $8,308.* 

NEWTON  DISTRICT. 

The  Nowton  mhiing  district,  in  Beaver 
County,  65  miles  east  of  Alilford,  on  the  Los 
.Viigelcs  &  Salt  Luke  Railroad,  wtis  organized 
November  26, 1892.  By  July,  1893,  a  10-stamp 
amalgamation  mill  w^as  operating  on  ore  tiikcn 
from  the  Rob  Boy  claim.  The  first  gold  bul¬ 
lion,  valued  at  SSOO,  was  shipped  in  August, 
1S93.  Dui’ing  Sc'ptembcr  of  tho  samo  year  the. 
Cremona  group  of  claims  w'as  operated  hy  the 
Sl.eep  Rock  Co.  It  is  reported  -  that  between 
November,  1892,  and  September,  1893,  the  Rob 
Roy  property  produced  from  87,000  to  $9,000 
worth  of  gold  from  ore  treated  in  its  ainalgaiun- 
tioa  Diill.  The  ore  mined  did  not  appear  to  bo 
w  place  and  was  soon  c.xhuusted.  Considerable 
development  has  sinc.e  been  don  o  on  the  property 
in  trying  to  find  tho  Ic'dge  from  wlfich  tho  rich 
ore  came.  Xo  records  of  the  pro<Iuction  of  the 
district  until  1908  are  available,  since  which 
tune  the  statistics  have  been  compilc<l  by  the 
Iritcd  States  Geological  Sui’voy.  They  are 
included  in  the  table  giving  the  output  of  Beaver 
County. 

H.  D.,  Quicksilver;  f .  S.  Gcal.  Survey  Mineral  noaiucvs, 

uiij. 

Intoview  P-  T.  Farnsworth,  &,li  l  March. 


IIEXnY  DISTRICT. 

^10  Ihuiry  district,  organized  July  6,  iss.q 
IS  ui  tho  southeru  p,vrt  of  Sevier  County, 
tween  1002  and  19ii  there  wero  shipped  from 
tho  district  1,.)98  tons  of  oro  containing  §8.583 
in  gold  and  28,316  tnmees  of  silver,  valued  in 
all  at  824,289.  Some  iron  flux  was  shippi^fl  to 
Salt  Lake  smeltei-s  from  the  Krotkl  iron  claims, 
southeast  of  Sevier,  in  the  Diirkec  (unorgan¬ 
ized)  district,  which  is  considered  to  be  part  of 
tho  Henry  district. 

ORE  deposits, 
general  FiLCTURES. 

'Die  ores  of  tho  Tushar  Range  show  gi-eat 
diversity  in  metal  content.  Some  oro  es.scn- 
tially  gold-silver  ores,  and  others  contain  coj>- 
per,  lead,  and  zinc  in  considerable  amounts. 
In  the  Antelope  district  some  ores  nro  valuable 
chiefly  for  their  hou.  The  Tushar  Range  also 
has  the  only  important  depo.sit3  of  aluuito  yet 
discovered  m  the  State,  and  it  contains  one  of 
the  two  mines  of  tho  State  that  have  produced 
quicksilver  in  commercial  amounts.  Tlio  de¬ 
posits  show  too  many  gradatioius  to  he  readily 
divided  into  classes,  but  for  convenienco  in  dc-. 
scription  they  may  be  grouped  us  veins  oiul 
replacement  deposits.  Placer  deposits  aro  of 
small  importance. 

VEINS. 

Tho  principal  metals  produced  by  the  vein 
deposits  ore  gold  and  silver,  though  they  also 
produce  somo  lead  and  copper  and  contam  con¬ 
siderable  quantities  of  zinc.  Tho  ulunite  veins, 
which  are  included  in  tliis  class,  may  prove  a 
source  of  aluminum  os  wcdl  us  of  potash. 

Most  of  tiie  vems  strike  generally  north  to 
northwest,  but  a  few  strike  nearly  west.  Alost 
of  them  dip  steeply.  . 

OOLD-SB.VEa  VEINS. 

Tho  veins  in  w'hich  gold  and  silver  are  tho 
chief  valuublo  metals  ore  confined  almo.st  ex¬ 
clusively  to  the  volcanic  rocks.  Such  veins  am 
found  at  several  loca]itic>s  in  tho  range.  The 
most  important  is  that  about  BLimbeil.'b 
though  there  has  been  production  from  veins 
of  this  class  from  the  Newton  district,  from  the 
recently  discovered  Fortuna  district  on  Ibe 
western  side  of  tho  range,  and  from  the  "  Iloific 
Heaveu"  area  betw-coO  Bullion  and  Little  Cot¬ 
ton  wood. -anyons.  Similarveinshave  been  pros¬ 
pected  to  a  siight  extent  inTenmile  Canyon. 
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The  veins  have  apparently  fornie<l  as  fillings 
of  open  fissures  niul  in  many  places  Lave  a 
rather  indefinite  banded  stmctiire.  In  some 
of  iliern  the  contact  with  the  wall  rock  is  shaip 
and  there  is  strong  slickensiding,  but  in  others 
the  vein  Is  “frozen"  to  the  walls  and  the  con¬ 
tact  is  much  less  definite. 

..'VJteration  of  the  wall  rocks  is  irregular, 
though  rather  pronouuced.  Nowhere,  so  fai¬ 
ns  observed,  has  there  been  suffieient  addition 
of  metals  to  the  wall  rock  to  make  ore,  Ihc 
common  alteration  is  scricitization  of  the  feld- 
spaJ-s  and  change  of  the  dark  silicates  to  chlorite 
and  Some  epidotc.  Silicification  is  pronounced 
in  many  places. 

Tlio  typical  ganguo  minerals  of  the  veins  arc 
quartz  and  carbonate  and  at  several  places 
odiilaria  in  con.siderable  abundance.  Baritn  is 
also  a  constituent  of  the  gold-silver  veins — in 
some  places  being  rather  plentiful  though  no¬ 
where-  os  abundant  as  the  carbonate.  Fluorite 
was  noted  in  the  Wedge  vein  and  is  probably 
present  in  others. 

The  carbonate  is  apparently  variable  in  t  oni- 
position.  In  the  o.xiclizod  ores  hydrous  oxides 
of  both  ii-on  and  manganese  have  apparently 
resulted  from  the  alteration  of  the  carbonate. 
Specimens  were  eoUcctod  from  the  dump  of 
the  Dalton  mine  in  which  the  carbonate  is 
rhodochi-osite,  but  this  is  apparently  excep¬ 
tional.  Much  of  the  carbonate  is  apparently 
nearly  pure  calcite.  The  carbonate  and  barite 
are  among  the  earliest  minerals  to  form, 
though  some  barite  bos  formed  in  Amgs  lined 
with  quartz.  In  many  places  both  carbonate 
and  barite  have  been  partly  or  wholly  replaced 
by  quartz  and  adulivria,  giving  the  quartz  the 
pix-uliar  lamellar  struc  ture  chartu-.teristic  of  this 
type  of  vein,  both  hero  and  in  other  districts. 

In  many  of  tho  veins  sulphides  are  rather 
spaise,  though  present  in  much  of  the  adjacent 
altered  rock.  According  to  Lindgi-en*  the  Annie 
Laui'ie  velu  contains  p^vitc  and  small  amounts 
of  argent  ite  and  native  gold.  Copper  stabs 
are  ptvsent,  hut  the  original  copper  mineral 
was  not  noted.  Quicksilver  is  dso  reported 
as  occurring  in  tho  mine.  In  the  veins  be¬ 
tween  Bullion  and  Little  Cottonwood  canyons 
pjTile  is  iLsually  plentiful  and  tetrahedrit-o- 
occurs  ill  man}'  places  b  considerable  amount. 

I  t.UHlKrv-n.  Wjldt-iiur,  The  AnnU  I-aurto  iiuiuj,  Piiilc  Coumy  Flah: 
II.  s.  OkJ.  Suney  Dull. aS5,  p,  S!\  l-xie. 


The  only  apparently  primary  silver  ibneral 
recognized  has  silvery-white  metallic  luster. 
U  could  not  be  separated  in  sufficient  quan¬ 
tity  for  analysis,  but  tellurium  and  selenium 
are  both  shown  by  qualitative  tests  of  rich  ore. 
Much  of  it  is  coated  by  a  dark-gray  lUftterial 
of  dull  luster,  apparently  an  alteration  product. 
Tho  mineral  contains  free  gold  in  minute  fis- 
sui'es,  aud  possibly  gold  is  one  of  its  essential 
constituents.  Material  free  from  native  gold 
was  not  obtained  to  test  for  other  gold.  In 
Specimens  of  rich  ore  from  the  upper  levels  of 
tho  Bully  Boy  mine  all  the  free  gold  is  closely 
associated  with  tbs  mmcral  and  is  possibly 
an  alteration  product  of  it.  In  specimens  of 
rich  ore  from  the  same  mine  cerargyrito  (hom 
silver)  forms  tliin  films  along  fissures. 

So  far  aa  ohseiwcd  the  tetrahedrite  oanies 
but  little  silver.  Matorial  contabing  several 
per  cent  of  this  mineral  is  said  to  contain  only 
small  quantitic.s  of  precious  nietbs  and  is 
ore  only  when  it  contains  sufficient  copper  lo 
bo  valuable  for  that  nictnl. 

Tho  eflcct  of  secondai-y  concentration  on  the 
oro  could  not  bo  determined  satisfactorily 
durutg  tho  writer’s  visit.  Tlioro  seems  to  be 
no  doubt  that  some  of  tho  richest  ore  occurred 
very  near  the  outcrop  of  the  ore  bodies,  so  that, 
so  far  as  indicated  by  past  experience,  richer 
zones  are  not  to  bo  expected  at  greater riepths. 
Some  placer  deposits  have  boon  worked  near 
the  mouth  of  Bullion  Canyon,  and  others  are 
reporiod  along  the  west  base  of  the  range,  faidi- 
catuig  that  some  jnetal-bearbg  portions  of  the 
vebs  have  beoii  eroded.  Tho  fact  that  more 
extensive  placers  are  not  associated  with  the 
larger  vebs  (namely  those  near  Kimberly)  is 
probably^  due  to  the  fact  that  only  a  small 
portion  of  the  veins  has  been  ei-oded  and 
to  the  fact  that  part  of  tho  erosion  was  sc* 
complished  by  glaciers  which  did  not  con- 
centruto  tho  gold  in  workable  placers.  Ex¬ 
perience  has  showir  that  with  iiicreasmg  depth 
tho  ores  decrease  m  value.  None  of  the  deeper 
workings  on  tlie  gold-silver  veins  coul-d  bo 
exambed,  but  it  is  cmrontly  reported  that  tha 
ore  of  tho  lower  levels  of  the  ^Vnnie  Laurie  minO 
is  of  much  poorer  grade.  In  tho  Sevier  min« 
.sufficient  depth  has  not  been  attabed  to  bdi- 
cate  positively  tho  effect  of  depth.  The  same 
appeal's  to  ho  true  in  other  mines  between  Bul¬ 
lion  and  Lit  tle  Cottonwood  canyons,  as  richer 


TUSH.VE  range. 


PfO  was  fou/id  near  tho  surface  in  the  Bully 
Boy  nnd  Webster,  tho  Dalton,  and  other  mines 
than  has  been  foimd  ns  greater  depth  has  been 

jttainad.  jj.^.coppeb-zino  veins. 

The  veins  that  contain  loud,  copper,  and  zinc 
Biinerafc  in  considornblo  nbundaneo  contain 
afco  gold  and  silver  and  arc  very  clo.sely  related 
to  tho  gold'Si’vcr  veins,  into  which  they  doubt¬ 
less  grade.  The  veins  caiTjdng  bnso  niotnls 
thus  fai'  developed  nro  muinly  confined  to 
BuDion  nnd  Little  Cottonwood  canyons  and 
like  tho  gold-silver  veins  arc  for  tho  mo.st  part 
jsiocialed  with  jtovth-south  fissures. 

Most  of  tho  baso-meUd  deposits  are  within  or 
doselv  associated  with  .sedimentaiy  rocks,  lime- 
atoiics,  or  quartzites  and  all  are  at  relatively 
lowlcvcfc,  whereas  many  of  tho  important  gold- 
sflver  deposits  are  found  at  the  higher  olova- 
tioiis.  As  tho  sedimentaiy  rocks  are  also  con¬ 
fined  to  tho  basal  portion  of  the  range,  it  is  not 
readily  apparent  whether  tho  distinction  is  due 
to  tlio  sedimentary  rock.s  or  tho  diffcronco  in 
vertical  position.  Not  improbably  it  is  duo  to 
both. 

Tho  Icad-copper-zinc  veins,  like  the  gold- 
silver  veins,  wero  in  part  formed  in  open  fis¬ 
sures,  and  somo  of  them  have  beautifully 
polished  walls,  as  in  parts  of  tho  Bullj'-  Boy 
mine;  othoi-s,  however,  have  also  replaced  the 
wall  rocks  for  short  di-stancos  from  tho  fissm-es. 
Tlio  adjacent  volcanic  rocks  have  undergone 
alteration  similar  to  that  of  the  rock  adjacent 
to  the  gold-silver  veins.  Tho  fcldspara  have 
been  replaced  by  sericite  and  carbonate,  and  the 
dark  sUicates  havo  commonly  altered  to 
chloride.  Pyrito  is  rather  sparingly  present. 

The  abundant  gangtio  minerals  ore  quartz 
and  carbonate,  and  tlio  less  abundant  oro  bai'ite 
and  fluorite.  The  carbonate  is  an  iron-man- 
gancae-calcium  cai'bonato  which  on  alteration 
commonly  yields  abundant  hydrous  oxides  of 
iron  and  manganese.  Both  tho  carbonate  and 
the  barite  wore  among  tho  earliest  vein  minerals 
ftnd  have  been  partly  replaced  by  quartz. 

Tlio  primary  metallic  minerals  aro  pyrito, 
eWcopyrite,  tetrabodrito,  galena,  and  sphal- 
Of  these  tho  pjTitc  is  tho  eai'liest.  It 
<^ur3  mostly  in  irregular  grauis  but  in  places 
*  ows  definite  crystal  outline.  Under  the 
®jwosTOpe  pyrito  ciystals  from  tho  Clyde  mine 
films  of  chalcopyrite  filling  microscopic 

urcs.  Ju  other  groins  tho  films  have  been 
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considerably  broudentxl  by  replacement  of  the 
pjnte,  and  tho  grains  appear  to  havo  been 
shattered  and  cemented  by  the  chtdeopyrite. 
In  many  grains  replacement  has  proceeded  till 
only  small  cores  of  pyrito  remain  and  in  somo 
even  tho  core  has  disappeared.  Not  all  the 
chalcopiTito  lias  formed  at  the  expense  of 
pyi’itc,  but  some  appeals  to  have  crystallized 
independently  of  other  minerals.  Chalcopyrite 
and  tetrahodi’ite  are  apparently  of  tho  same  age, 
in  many  places  being  intimately  iutorgrown. 
Tho  tctrolicclrite,  so  fur  as  obsoivcd,  however, 
does  not  form  at  tho  expense  of  pyrite,  as  does 
a  part  of  the  chtilc.op5'Tito.  Galena  is  also  of 
tho  same  age  as  tho  chalcopyrite  and  totru- 
hedrite.  Intricato  intergi-owths  of  galena  and 
tetrahedrite  are  present  in  some  of  tho  ore,  and 
sphnleritc  is  also  apparently  of  tho  somo  nge. 
The  only  secoiulaiy  sulphides  positively  recog¬ 
nized  us  tho  result  of  descending  solutioii.s  ai-e 
those  of  copper  (chalcocito  and  covcllitc), 
which  have  formed  commonly  from  clialco- 
pyrite  and  to  a  slight  extent  from  tetrahedrite. 
Thei-c  has  been  very  litllo  direct  rophicoinont  of 
pyiito  by  either  chalwcito  or  covollite,  though 
portions  of  pyi'ito  giains  fii-st  roplacod  by 
.chalcopyrite  havo  later  boon  altered  to  coveUite. 
It  is  probable  that  zinc  sulphide  has  also  been 
replaced  by  copper  sulphides,  though  no  ma¬ 
terial  showing  this  was  present  in  the  sections 
examined. 

In  material  from  the  Clj'de  mine,  grains  of 
sphalerite  contain  lathlike  bodies  of  double- 
rcfractbig  material,  evidently  wnirtzito.  Somo 
grains  arc  hugely  composed  of  such  la  (Ins.  The 
relations  of  the  minerals  in  this  material  does 
notsuggestsecondary  alteration,  though  wurtz- 
ite  is  beheved  to  be  most  commonly  formed  as 
a  secondary  mineral. 

In  the  upper  levels  of  nU  the  base-motal  de¬ 
posits  the  ores  have  been  oxidized,  but  mate¬ 
rial  suitable  for  a  careful  study  of  tiro  oxida¬ 
tion  products  was  not  uvnihible.  Probably  tho 
galena  was  hugely  altemd  to  lead  carbonate 
and  perhaps  to  lond-autimony  compounds,  and 
the  copper  minernls  to  carbona  tes  and  possibly 
to  more  complex  copper  compounds. 

In  the  quartz  monzonitc  of  the  Antelope 
Rau"e  numerous  veins  ai’c  composed  of  fine¬ 
grained  cherty  quartz  containing  some  sul¬ 
phide  nnd  said  to  contain  small  amounts  of 
gold  mid  .sUver.  In  the  Bradbuni  tunnel  a 
vein  of  this  character  contains  epidote,  garnet, 
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and  irittgiictitp,  in  addition  to  sulphides,  and 
on  the  dump  of  this  Uiiintd  vere  oolloeted 
specimens  of  an  nplitic  rock,  apparently  a 
dike  containing  tourmiilinc,  pjTifc,  and  chnl- 
c^pyritc.  Though  there  has  been  considerable 
prospecting  of  the  veins  in  the  quartz  mon- 
zonite  of  the  Antelope  area  there  has  been  no 
important  production  of  ore. 

VEINS  OF  IHON  ORE. 

Some  shipments  have,  been  made  from  de¬ 
posits  of  iron  ore  in  the  quartz  litite  body  in 
the  ctmtnJ  part  of  the  iVnteJopo  Range.  The 
ore  bodies  occur  in  irregular  fissures.  The  | 
quartz  litite  in  the  vicinity  has  been  highly  j 
altcrc<l, being  converted  U*  a  ehcrU’^  mass.  This 
bodj'  of  sdicified  rock  has  been  more  rc-sistant 
to  erosion  than  the  surrounding  rock  and 
stands  up  as  a  hill  scviTal  hundred  feet  high. 
The  iron  deposits  arc  near  the  summit  of  the  I 


The  ore  consists  of  yellow  ami  reddish  earthy 
hydrous  oxide  of  iron,  with  some  bro%vn  and 
black  hydrous  oxides  of  manganese  an*i  iron, 
and  some  beautifully  formed  stalactitic  masses 
of  liraonitc.  The  ore-s,  as  they  now  exist,  ap- 
poir  to  have  been  formed  by  the  alteration  of 
other  minerals.  In  general  the  deposit  does 
not  differ  markedly  in  appearance  from  the 
gossans  formed  by  the  oxidation  of  siJphido 
bodies.  No  remnants  of  sulphidewere  observed 
in  the  oro  body,  nor  was  sulphide  noted  in  the 
adjacent  wall  rock.  Coasiderablo  iron  oxidts 
together  with  other  oxides  wero  evidently  re¬ 
moved  from  the  inonzonite  during  the  altera¬ 
tion  and  this  may  have  eollecte<l  in  the  fissures 
and  formed  the  l>odir«  of  iron  ore. 

ALUNITE  VEINS. 

Ill  the  area  between  liullion  and  Little  Cot¬ 
tonwood  canyons,  and  south  of  Littlo  Cotton- 


Aiur^i  in  pt^cc  o  Aluniie  float 
^  Tunool  ■  Shdft  X 

FioniiK  showlnit  locttUon  o|  prospects  In  tha  principal  froup  o(  alccUU)  tk'poKltn  nciir  Xlai7s\'nlc. 


elevation  and  near  the  ct'iiter  of  the  area  of  I  wood  Canyon,  north  as  far  a3Bclnap,andin  the 
altered  quartz  monzonitc.  The  silicified  area  area  northeast  and  east  of  Maeysvale  there 
13  irregular  but  probably  exceorls  a  mile  in  has  been  considerable  development  of  elunitc 
length  from  north  U)  south  and  is  fully  half  a  deposits  duriug  the  last  few  years.  (See  fig- 
milo  hi  width.  Tlie  altered  rock  is  composed  59.)  The  naturoof  these  deposits  was  first  rec- 
osscntinlly  of  quartz  with  small  amounts  ognized  in  the  fall  of  1910,  though  the  veins  of 
o.xides  of  iron  and  possiiily  of  manganese.  1  pinlt  spar  had  long  been  known  to  prospectors. 


TOSH,Ul  EaNGE. 


altkhation  ok  the  country  hock. 

The  deposits  occur  in  large  veins  of  almost 
pure  alunito  and  as  partial  replacements  of 
coiintiy  rock. 

The  wall  rock  has  been  intciLscly  altered  for 
many  feet  from  the  veins,  giving  rise  to  the  ex¬ 
tensive  masses  of  the  silicified  rock  exemidified 
ia  the  Edna  “geyser.”  In  the  altemtion  of 
(ho  rock  the  feldspar  crystals  have  changed  to 
a  felted  mass  of  ncp<lle-Like  crystals  of  idunite 
with  some  kaolinitc,  (Soc  PI.  XXI,  il,  p; 
1S2.)  The  dark  silicates  and  the  magnetite 
hare  also  been  entirely  altered,  only  the 
phenocrysts  of  quartz  reinainhig  practically  un- 
iltacketl.  The  altered  rock  is  made  up  essen¬ 
tially  of  quartz,  ulunitc,  pyrite,  and  of  some 
kaolinitc,  all  tho  constituents  of  the  original 
lava  except  silicn,  alunihm,  potassium,  and 
iron  having  been  removed  and  sulphur  having 
been  added  to  the  alumina  and  potassium  and 
iron  to  form  alunite  and  pjTite.  At  some 
places  the  potassium  has  been  removed  from 
the  altered  rock,  which  consists  largely  of 
therty  quartz;  at  other  places  there  has  been 
a  notable  mldition  of  potash.  Largo  bodies  of 
such  rock  contain  as  high  ns  8  per  cent  of 
potash,  while  the  silica  content  may  be  reduced 
to  less  tlian  20  per  cent.  The  large  bodies  of 
alunitized  rock  near  Deer  Creek  and  those  cast 
of  Sevier  River  aro  prevailingly  of  this  replace¬ 
ment  type,  as  contrasted  with  the  veins  of 
nearly  pure  alunite  that  occur  in  the  higher 
parts  of  the  Tusbar  Range  southwest  of  Marys- 
vale. 


OCCaHUR.VCE  AMO  CHARACTER. 

Tho  alunite  deposits  that  havo  boon  oxten- 
svely  mined  occur  o.s  banded  veins  (see  PI. 
XX.  R,  p. 

181)  between  rather  definite  walls, 
though,  ns  already  noted,  alunito  is  an  im¬ 
portant  constituent  of  the  wall  rock.  It  is 
♦pparent  that  the  main  veins  arc  not  replace¬ 
ments  of  the  country  rock,  for  where  replacc- 
®*nt  has  occurred  in  the  wall  rock  of  these 
the  quartz  phenocrysts  aro  practically 
inouorcd  and  the  silica  set  free  by  the  nltcra- 
t>0Q  of  other  minerals  i.s  not  removed.  Tho 
Iho  other  hand,  Ls  almost  free  from 
.  la  some  portions  of  tho  vein  tho  material 
^^orsely  crystalline,  the  crystals  liaving  a 
^  M  ar  form  and  in  places  extending  across  a 

i*  ’  H.  S.,  Atuuilc — n  nwly  discovered  d«|»»tt 

rt.Tli:  U.  S.  Ccol.  Survey  Bull.  SIl,  p.  20,  1012. 
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layer  of  the  banding.  Commonly  tho  crystals 
tend  to  diverge  from  a  center  of  tufts,  this  being 
more  noticeable  imder  the  microscope  than  in 
tho  hand  specimen.  The  rhombohodral  faces  of 
the  crystals  are  not  usually  well  developed,  but 
in  many  places  aa  open  cavity  bchvecn  two 
bands  shows  well-developed  rhombohedrul 
faces,  which,  however,  have  commonly  been 
somewhat  etched  by  later  solution.  WTiat  in 
the  hand  specimen  appear  to  be  crystals  are 
seen  under  the  microscope  to  be  composed  of 
numerous  smaller  crj’stals  diverging  from  a  cen¬ 
tral  axis,  forming  a  veiy  striking  plumose  strno- 
I  ture.  The  difference  in  orientation  of  these 
component  parts  of  tho  “crystal”  group  gives 
it  a.  wavy  extinction  between  crossed  nicols. 

The  lines  marking  the  separation  of  the  hands 
forming  the  vein  aro  seen  under  the  microsexipe 
to  consist  of  narrow  bands  of  finely  crystallino 
material  of  various  orientations.  The  larger 
“cr^'stuls,”  however,  cross  these  lines  without 
change  in  orientation,  suggesting  that  the  fine 
material  has  been  deposited  in  a  fissure  breaking 
across  the  crystals.  Probably  there  was  a  slight 
change  in  conditions  of  deposition,  after  which 
.some  of  the  crystals  continued  their  growth 
and  others  began  to  form  from  new  ecu  tors. 

In  other  parts  of  the  vein  tho  alunite  is  finer 
gi'aiaed  and  locally  lighter  in  color.  In  some 
places  it  Ls  very  dense  and  breaks  with  a  con- 
choidal  fracture;  iu  others,  where  there  has 
j  been  some  movement,  it  is  schistose  and  shows 
numerous  slickensided  faces.  Under  the  mi¬ 
croscope  tho  finely  grained  material  is  seen  to 
be  a  granular  mass  of  h-regidar  crystals  of  alu- 
aito.  Associated  wdth  these  in  the  section  c.\- 
omined  is  a  mineral  with  lower  index  and  hav¬ 
ing  the  general  characters  of  kaolinitc.  Chem¬ 
ical  analysis  imlicatcs  that  both  kaolinitc  and 
some  quartz  are  present  as  impurities  in  the 
alunite.  Through  this  fine-grained  material 
arc  scAtterwl  veinlets  half  an  inch  or  more  in 
thickness  of  more  coarsely  crj'stalliiic  alunito. 
Loughliu’  considers  (hat  the  alunite  in  these 
reinlets  has  resulted  from  tho  rcciystallization 
of  tho  fine  material  which  incloses  them. 

Tho  deposits  near  Deer  Creek  and  east  of 
Sevier  River  are  largely  tlie  result  of  replace¬ 
ment  of  the  volcanic  rocks,  os  contrasted  with 
distinct  veins.  The  more  completely  rephreed 
rock  is  a  dense  fme-grainod  brittle  material 

•  I.oiighlin,  G.  Rc-xnl  !li!ii:ulo  Jevoljri».nU  tirar  .>faryM :iIo and 
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breaking  with  shelly  fructuro  and  having  soiac- 
what  the  appearance  of  porcelain.  LocalJ}’^  it 
is  rather  soft  and  chalky  and  grade.s  from 
slightly  altered  luva.s  to  rock  composed  largely 
of  alnnitc.  Lnrg(^  bodies  of  the  alunitc  rock 
are  found  in  the  district,  hut  up  to  the  present 
time,  little  potash  h.as  been  produced  from  them. 

The  foUowLiig  description  of  the  character  of 
the  deposit  is  taken  from  Loiigldiids  report.' 
Those  desiring  a  more  dotaUed  description  are 
recommended  to  (but  report  and  an  earlier  one 
1)3'  the  writer  and  H.  S.  Gale.’ 

AH  the  dopoKits  lluis  lar  i'oiumI  lire  ilaalitletic  vein.i  rut- 
lini;  porphyry  taltorod  daeito),  though  in  only  ft  few  ex- 
jwsurM  hiivt)  their  trio  thicknofvoi)  ftini  exact  irenrls  been 
detomnned.  The  alij;nmrfat  of  jirnnpoi't  pit«  and  IrcnchcM 
ainl  tho  dintrihiition  of  fkml,  however,  Indicate  for  the 
most  piirt  Iroiids  of  X.  20^-40'’  \V'.,  Ihoiijrh  at  a  few  open¬ 
ings  tbo  trond  is  nearly  dno  north  The  dips  of  the  diiTer- 
*nt  veinii  arc  for  the  diusI  part  50'’-70‘’  W.,  but  vertical 
difiti  hove  been  noted  al  a  few  plnn.a  aad  a  steep  easterly 
dip  was  Tceordijd  U  nee  obsctir"  exposure,  Vone  of  tho 
vcine  have  been  opened  continuously  iilonf;  their  strike, 
but  the  alignment  of  openings  Ixiikatos  prohuMe  leueths 
of  500  to  800  feet  for  continuous  veins  and  of  i,500  to  5,000 
feet  fur  veil)  Konia.  Tlio  widths  of  the  veins  or  vein  zones 
are  considsralde,  b«t  tho  prospect  trenches  on  all  but  the 
Custer  vein  did  net,  as  a  rule,  afford  n  aatwfivctory  estimate 
of  tho  width  or  thickness.  The  Custer  vein  contains  an 
nvorugo  thicknew  of  about  10  feel  of  higli-f'rade  alunitc,  on 
each  idde  of  which  smaller  veins  or  bands  of  nluiiite  alter- 
nato  with  similar  thiclni'attes  of  quartz  or  highly  silicified 
porphyry. 

The  best  exposure  in  the  wcsloni  zone  is  on  the  L.  A  X. 
Xo.  d  claim  and  shows  an  exposed  thickocm  oi  2fi  feet,  of 
which  20J  feet  is  high-grade  niunito  and  6^  feet  quartz. 
Other  openings  show  thicknesses  of  8  to  20  foot.  The  veins 
nro  distinctly  banded,  bands  of  nearly  pure  alunitc  alter¬ 
nating  with  bands  of  quartz.  The  aluuite  portions  them- 
Bolvca  are  for  the  most,  part  handed  by  parallel  to  coc- 
coatric  markings  similar  to  thcec  in  travertine,  or  “onyx 
marble,"  and  cbanictcrislic  of  opon  diMure  fillings,  but 
havo  also  been  found  in  some  degree  by  replacement.  The 
gonoral  distribution  of  the  veins  Ls  indicated  on  tho  sunaiS) 
by  elongate  1o  irregular  areas  of  silieification,  mauy  of 
which  c.ppe.ir  lo  havo  determined  the  positions  of  ridges 
anil  prominent  peaks  through  thoir  miperior  resistance  to 
erosion. 

Three  varieties  of  aluuite  have  been  noted  in  the  veins — 
covitscly  cryslaUinc,  fir.o  grained  to  dense,  and  laminated. 
The  coarsely  cr>'stallino  variety  is  by  far  the  most  common. 
It  is  pink  to  reddish  and  forms  large  ma.'sies  of  columnar  to 
platy  crystolfl  ua  well  .is  small  voinlots  that  cut  the  other 
two  varieties).  It  is  practically  pure  but  contains  minute 
quantities  of  pyrite  or  limonilo  and  silica  (chnlcwlony  and 
opal).  It  id  meet  readily  recognized  in  the  field  hy  these 
properties,  together  with  ita  high  specific  granty  (about 
2.82),  which  is  distinedy  higher  than  that  of  coJeito  (2.71), 

>  Lo'ighUn,  O.  F.,  op.  cit.,  p.  Wl. 

■  nutter,  B.  3.,  anj  (tale,  H.  S.,  .Muflita.  a  newly  dlscovcreil  Oopsiilt 
near  Muiysrale,  Uta^:  U,  3.  (tool.  Survey  null.  5U,  p.  7, 1912. 


the  only  mineral  in  the  region  that  is  likely  to  resemble  it 
ill  crystalline  fonu. 

The  liiie-gramcj  variety  is  pink  to  white  and  ffcaimbiej 
porcelain  where  hard  and  chalk  where  softened  by  weithw- 
ing.  Under  the  inicro-scope  .“omo  aperimeit.s  are  seen  to 
consist  alino.st  entirely  of  minute  crystals  of  aJuwto  wjth 
only  an  apparently  negligi'olc  ainoiint  of  pyrite,  silica,  and 
kaolin;  but  in  other  specimens  these  inqwritics  ‘•uv  more 
coiis])iciious,  The  fine-grained  variety  may  Ksemhlo 
kaolin,  or  minei'.s  “talc.'’  especially'  if  enough  kaolin  is 
present,  to  y'ield  its  cb.aractcristic  odor;  but  tho  fine- 
grained  ahinitG,  like  the  coarae-grairipd  variety',  may  be 
recogni/.cd  by  its  high  specific  gravity. 

The  laminated  or  .shaly'  vjj-iely  differs  from  the  Cnc- 
giaLncil  variety  only  in  its  structure,  which  is  evidently 
due  to  shearing  along  the  jilaiie  of  the  vein.  Such  a 
structure  could  have  been  developed  in  either  of  the  other 
Varieties. 

CUh'MICAI.  COMfOSrrlO.V. 

The  following  nnaly'sea  of  Marysvale  niuuite, 
which  arc  all  at  pre.se,nt.  available,  show  the 
chaDtcf^ei’  of  tho  coarsely  crystalline  and  dense 
white  varieties: 

Analyses  ti/  alunitc  /rum  .Vuryfi.’n/t;  rcpion,  Utah. 

Crude  ulunite  from  Cuf^kT  ffroop.a 


.A  lumina  ( Al..jO;.) . 

Vcrric  oxide  (FCvO,) . ' 

Sulphuric  anhydride  (SO,). . . . 
Plio.vphoric  anhydride  (PjOj).  - 

Potow  (K.O) . 

.Soda  (Nc-iO) . 

Water  above  10.5°  C.  (tGO-l-).. 
Water  below  105°  0.  (H.jO— ).. 
Silica  (Si0.j) . 


' 

2 

s 

1 

.37.  IS 

34.0 

37.  C 

Tra.i-e. 

Trace.  ' 

38.  m 

36.  54 

38.6 

.58 

.  50 

10.  46 

0.71 

11.4 

.  33 

.56 

12.  90 

13.08 

13.0 

.09 

,  11 

.  22 

6.28 

100.  10 

100.  IS 

PMO 

'iCopIci  from  U.  8.  CK»I.  Survey  Uull.  51!,  p.  8, 


1.  Selected  specimen  of  a  clear  pink,  subtraniipareni, 
coarsely  granular  ciysTallino  alimite.  Supposedly  best 
material.  W.  T,  ScimUor,  analyst. 

2.  Selected  specimen  of  a  light-pink,  very  finely  granu- 
l.ar  ro<;k,  of  almost  porcelain-liko  concDoidal  fracture  oud 
no  distinct  s'.ructuro.  W.  T.  Schaller,  analyst. 

3.  Theoretical  composition  according  to  Dunn,  Text¬ 
book  of  Dilneralcgy,  1900  edition,  p.  637. 

Co»rHe]y  crxrvtallliiu  ahitiito  from  Ftoronce  MinlDf  ft  MtU[p|  Ca/I 
clalniM. 


4 

5 

42.8 

42.1 

luaoluble  rc.ridue  (alumina  with  per- 

39.3 

37.6 

16.3 

1&8 

Equivalent  potasli  (lv.,jC)) . .-. 

0.  1 

10.0 

4.  l|000-poun(I  sample  from  Sunshine  Fraction  duin. 
.5.  1,000- pound  sample  from  North  Fork  claim. 


tush.vr  range. 
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l«»H  to  rfpfSKiil  the  areniKO  of  tbo  Awirarly  iTymnlline  aftioRe  uvil  in 
i  «™i  J.  DeiormiiMd  by  fusion  wi(b  sodlurii  tarboii:ite.] 


‘la 

Sa 

Silii»(SiO,) . 

Alumiua(.\UO,) . 

Ferric  oxide  (Po,0„) . 

Solpbujic  aah vdriile  (SO-,). . . . - . 

FrAi*a(K%0) . . 

Lime  (OttO) . ' . 

jJujafsa  (-MgO) . 

0.03 
61. 1 
1.6 

IS.  0 
17.  2 
Nono. 
.29 

!)'.).  22 

0.  72 
61,  I 

1.  1  i 
1-S.  1 

IS.  6 
Xoiie. 
..31 

1)9.  ;)3  j 

(ThoK^io  mulcrial  dcU-nriiiWHl  hy  Iparhinp  ]  | 

-lb 

5b 

InaC'liihlo  rcaidao . . . 

jltoMiuia  BUlohate  (K,SO.,) . 

Alnminnm  sulphate  (A\(SO,)j'i . 

61.8 
32.  6 

4  1 

(13.3 

1 

62.  2 
32.0 
s.n 

9a2 

46ml  5, 4a  and  5ti,  4l>  and  5b.  Made  by  Solvay  Proccw  | 
Co.  lor  Florcnoo  Mining  Jc  Milling  Co. 


The  following  doscriplion  of  tho  occuiTcnce 
of  alunito  at  Sheep  Rock  is  abstracted  from 
the  paper  by  Mr.  Loughlin;' 

SHEKI'  RnC-<  L'ErOSIT. 

The  Sheep  Rock  deposit  is  a  quartz-aiimite 
reck  of  too  low  grade  to  be  of  iromediate  com- 
merciul  importance  as  a  source  of  alunite  but 
of  considerable  scientific  interest. 


be  float,  however,  shows  that  the  two  rocks 
merp  withui  a  short  space,  and  that  the  Sheep 
Rock  deposit  fonned  by  the  replacement 
ot  andesite.  fleflnite  connection  with 
neighboring  metalliferous  quartz  voin.s  is  ap¬ 
parent  on  the  surface,  and  none  has  been  made 
in  the  underground  workings  of  the  mine. 

The  material  of  the  deposit  as  a  whole  is  of 
uniform  character,  light-gray  U)  pinkish  color 
and  very  fine  grained,  banded  te.vture,  which' 
however,  includes  brocciated  and  eoucrctionary 
phases  and  rock  in  which  the  porphyrilic 
te.vturc  of  the  andesite  ia  preserved.  The 
almute  content  also  shows  variations  ranging 
from  10  per  cent  or  less  up  to  60  per  cent,  but 
as  a  whole  appears  to  bo  rather  uniform  and 
to  average  about  30  per  cent,  equivalent  to 
3.5  per  cent  of  potash  (K.O). 

Tho  three  following  partial  amdyse.s  of  the 
quartz-alunito  rock,  two  of  average  samples 
and  orie  the  high-gi-ado  varioty,  were  mado  by 
R.  K.  Bailey,  of  the  United  States  Geological 
Survey: 

Analiifci  of  'fUftTtz-<iIimilc  nut  from  Shff.p  Rock  deposit. 


1  1 

2  1 

1 

:i 

Silica  (SiO.) . 

. . ,  60.  R3 

70.78 

30.  12 

Sulphate  nidiclo  (SO,) . . 

....  13.83 

10.58 

26.53 

Potash  (K,0) . 

3.  SO 

2.90 

G.37 

1.  Average  sample  at  summit  of  Sheep  Rock. 

2.  Averaga  sample  aronatl  stake  Xu.  2  (!^.  UO). 

I).  Eigb-graile  sample,  north  slope  o£  Sheep  Ibxk. 


Sheep  Rock  is  in  the  Newton 
milling  district,  at  tho  west  base  of 
the  Tushar  Moimtains,  about  10 
railea  northeast  of  Beaver.  (See 
%60.)  It  is  a  bare-toppod  nearly 
fireubir  lodge  about  900  feet  in 
diameter,  with  a  gently  rounded 
summit  of  nearly  white  quartz- 
dunite  rock,  in  part  weathered 
into  clusters  of  rounded  residual 
houldeis,  which  when  seen  from  n 
distance  bear  a  striking  resem- 
hlance  to  a  flook  of  sheep. 

The  relations  of  tho  deposit  to 
the  andesitic  comitry  rock  are  very 
oWurc.  Its  west, south,  ami  north 
sides  are  covered  w'ith  talus  and 
h^sh  and  beneath  the  aJlu- 
vium  of  the  vuBoy;  and  the  saddle 
connecting  it  with  the  andesite 
is  covcU’cd  with  float. 

’  LcUKjiiiD7<rr?'i  ®P-  ell.,  pp.  2SS-2H. 
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Li  anal)'sis  I  tlio  ratio  of  the  sulphate  raclielc 
to  potash  is  almost  exiw’.tly  that  of  pure  potash 
alur.ito.  Calculation  from  those  data  give-s 
over  13  per  cent  of  alumina  and  35.6  per  cent 
of  alunito.  In  nnalj’sis  2  the  c.kccss  of  0.6 
per  cent  of  the  sulphato  radicle  over  the 
ratio  between  the  sulphato  radiclo  and  potash 
for  alunite  is  0.6  per  cent,  a  small  excess  whieh 
may  have  been  present  in  the  soda  alunito 
molecule,  'fhe  calculated  percentage  of  alumi¬ 
na  is  only  9.5  per  cent  and  of  olunitc  26.7  per 
cent.  In  analysis  3  the  cxces.s  of  the  sulphate 
radicle  is  3.2  per  cent,  which  also  may  have 
been  present  in  soda  ahmite.  Tlio  calculated 
percentago  of  alumuia  in  No.  3  is  22.3  per  cent 
and  that  of  alunito  60.3  per  cent. 

Sinco  the  exanihiation  b)'  Mr.  Loughlin 
alunito  deposits  havo  been  reported  from  east 
of  tho  De.ertrail  mine,  north  of  Marysvale,  and 
in  tho  Antelope  Kange. 

REPLACE.MENT  DEPOSITS. 

Replacement  deposits  comprise  those  formed 
chiefly  by  roplacemont  of  rock  adjacent  to 
Qssures  as  contrasted  with  tho  vein  deposits, 
which  wero  formwl  chiiifly  tvs  a  filling  of  open 
fissures.  Tliero  aro  gradations  between  these 
clas-scs,  n.s  exemplified  in  tho  Bully  Boy  and 
Webster  mines,  but  most  deposits  distinctly 
belong  to  one  or  tho  other. 

Tlie  only  distinctive  i-eplocemout  deposits  of 
known  importance  aro  tho  Dcertmil  Icad-silver- 
gold  deposit  and  tho  Lucky  Bov'  quicksilver 
deposit. 

DEEBTHAII.  MINI. 

In  the  vicinity  of  tho  Deertruil  mino  the 
rocks  are  nniinly  the  Jura.ssio  qum'tzitoa  over- 
lain  by  500  to  600  feet  of  limestone  con  tabling 
beds  of  shaly  and  quartzitio  material.  Within 
tho  workings  of  tho  Deertrail  mine  several 
small  dikes  of  a  highly  altered  lamproidiyric 
rock  caiT}'  abundant  rcmr.tuits  of  diopsido  and 
biotito. 

Considoi-able  faulting  has  occurtod  hi  the 
vicinity  of  the  mine.  The  exact  position  of  the 
great  north-south  fault  that  determined  tho 
front  of  the  range  is  not  Icuown,  but  it  can  not 
he  fai*  to  the  east.  lu  tho  gidcR  north  of  tho 
mino  the  limestone  and  quartzites  ou  the  south 
abut  agahist  i-cd  shales  and  sandstones  to  the 
north  along  a  fault  strllcing  west  of  north. 
East-west  faulting  has  apparently  shattered  the 
roelcs  in  the  gulch.  In  the  lower  tunuel  of  the 


mine  a  north-south  fault  of  unknowm  throw  is 
exposed.  There  has  al.so  boon  some  move¬ 
ment  along  some  oast- west  fissures. 

The  general  dip  of  tho  formations  is 
W.  In  ill©  Deertrail  workings  the  attitude  of 
tho  bed.s  varies  considerably  from  place  to 
place  on  account  of  local  di-sturbanccs.  The 
oro  is  a  blanket  deposit  that  ba.s  replaced  tbo 
limestone  inimodialely  above  tho  quartzite  and 
probably  to  somo  e.xtont  the  quartzite  itself. 
The  replaccmon  t  appeal's  to  bo  as.sociatcd 'w'ith 
I  ea.st-wcst  fissures.  A  b  several  points  tho  princi¬ 
pal  replacement  has  taken  place  at  two  borizona 
separated  by  20  to  25  feet  of  relatively  un¬ 
altered  rock. 


Tho  character  of  tho  oi*c  varies  considerably. 
Tlio  most  abundant  gangue  is  a  white  micaceous 
aggi'Cgat©  composed  largely  of  scricitic  musco¬ 
vite,  in  most  places  friable  and  capable  of  being 
readily  crushed  in  the  hand.  Where  tho  Emc- 
stone  has  not  been  so  fully  replaced,  however, 
the  aggi-egate  is  rather  compact.  A  partial anol- 
ysis  by  W.  T.  Schaller  gives  the  following  I'csull: 


Atudysi.i  of  srridtir  tmiscoi'fit  gnrynte. 
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This  analysis  corrospond.s  to  about  75  per 
cent  of  muscovite  containuig  a  small  amount 
of  tho  paragoiiito  molecule  and  about  25  per 
cent  of  a  mineral  approaching  kaolinito  in 
composition.  In  tho  southern  portion  of  tho 
property  especially  there  is  considcrablo  coareo 
ciystaUino  vein  quartz.  In  pannLig  the  sori- 
citio  material  it  is  soon  to  contain  considerable 
zircon  in  rounded  ciystaJs  and  numerous  black 

I  crystals  of  titanium  oxide,  probably  octohe- 
di'ite.  Galena  and  pyrite  and  a  small  amount 
of  copper  sulphide  were  apparontly  the  prin¬ 
cipal  primuiy  sulphides.  Tne  euiphides  are 
largely  oxidized  and  but  little  primary  sulphide 
wassocn  (1912).  Tliat  observed  was  in  the  mar¬ 
gin  of  tho  deposit  whcro,%vith  a  relatively  email 
amoimt  of  scricitic  muscovite,  4t  replaced  re- 
cry'stallized  limestono.  The  sulphides  were 
altered  to  o.'ddes,  carbonates,  and  sulphates. 
D.  B.  Huntley'  says:  "Tlio  oro  is  a  soft,  friable, 

'  To:itll  I  'onsu  »  IJ.  s. ,  vot.  IJ,  p.  463,  ISS5. 
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greenish-yelJow  ocher,  containing  the  products 
irotu  the  oxidation  of  load,  ii'on,  and  copper 
gulphides.  It  assays  about  88  gold,  8150  silver, 
and  35  per  cent  lead.” 

Accordbig  to  a  statement  by  G.  T.  Henry, 
iho  CIV’S  shipped  from  the  mine  amoiuitcd  to 
gbout  350  tons,  avoragiiig  about  1  ounce  gold 
(Bid  nearly  100  ounces  silver  per  ton  and  about 
50  per  cent  lca<l.  Tlio  lead  was  probably 
largely  in  tho  form  of  the  carbonate  and  sul- 
ohate,  though  on  the  old  dump  spocimens  of 
plumbojarositc  were  collected,  and  Huntley’s 
(Icsaiption  suggests  that  it  may  have  Ix^cn  an 
iinportaut  ore  mineral.  Jarosite  m  consider¬ 
able  amoiu'.t  is  also  associated  with  the  “tal- 
oose”  ores.  Hydrous  oxide  of  iron  and  some 
manganese  are  present  ui  all  parts  of  tho  mhie. 
Mr.  Henry  states  that  the  scricitic  ore  con- 
tiinod  small  amounts  of  quicksilver. 

Siifficiently  rich  matorial  to  dotermhio  in 
what  form  tho  gold  and  silver  occur  was  not 
obtained.  Pannhtg  of  the  sericitio  ore  did  not 
yield  colois  of  free  gold.  Mi’.  Heniy  states 
that  in  the  cai’ly  eighties  between  6,000  aiid 
7,000  tons  of  ore  from  tho  Grecn-eymd  Monster 
(one  of  tho  claims  of  the,  group)  was  milled. 
The  general  average  assay  value  was  about  S15 
gold  and  10  to  12  omices  silver  per  ton,  but  the 
scricitic  character  of  the  ore  prevented  the 
recovery  of  much  more  than  60  per  cent  of  the 
assay  content.  It  seems  probable  that  the 
gold,  in  part  at  least,  is  finely  divided  free  gold. 

LUCKY  BOY  PHOSPECT. 

Tho  quicksilver  deposit  of  tho  Lucky  Boy 
mine  has  been  described  by  H.  D.  McCaskey  ‘ 
as  follows: 

Tao  Lucky  Boy  quicksilver  prospect  was 
briefly  described  as  follows  by  J.  E.  Clayton, 
prcside:it  of  the  Salt  Lake  Mining  Institute,  in 
0  letter  to  G.  J.  Brush,  of  the  Sheffield  Scien¬ 
tific  School,  dated  October  6,  1884:* 

The  mino  is  siluaU’d  about  5  miles  southwest  of  Marys- 
vale,  200  miles  south  of  Salt  Lake  (.'ily.  It  is  on  tho  oast 
of  unountain  slope  and  near  a  profeunU  fault  extend¬ 
ing  north  and  south.  To  the  ea.st.  are  eruptive  rooks,  in- 
cludbg  porphyry  and  trachyte  lluderlying  the  ore  beds 
lot.Ha  west  i«  quaruile  of  unknown  thirkne.ss,  over  tliis 
lOc  feet  of  gray  limestone,  auU  in  contact  between 
tti-aa  the  Lkjortrail  vein  is  situated,  rarryirig  gold,  silver, 
and  a  little  copper.  In  the  upper  portions  of  the 
luiuatone  the  sclenide  of  mercury  ia  foued  in  a  bed  of 

'  fl.  D.,  U,  S.  Geol.  .■^UTA'ey  Mincrul  loit  Pt.  1, 

g  I„,  CrysUlliK-d  Ucniannilo  and  mvlacinnaht^Uc  Am. 

*’®-»d.,SdaBr . '-ul.  ».  P- 


sIi.Aly  limL-atone  15  to  on  feet  thick.  The  \oiu 
traced  uorlli  end  south  alx'ut  100  feet  aknig  th,)  oiiUnm 
ami  dips  into  (lie  mounLiin  nt  an  angle  of  alioul  i.'jo 
tho  horizon.  The  ore  occurs  in  mafscs  iiitermixLKi 
tho  sh.ely  limestone,  ^fj,stals  being  very  rare.  q-ju. 
comp-.mjiug  mineral,  Imrito,  o.xido  of  inan„ano’so 
quart  z,  an<l  calclte.  Tlie  ow  boil  is  overlain  by  a  yellowish 
sandy  lime  slnilo  nurj-fog  suls-Carboniieroua  ioasilg 

Tl^l^  locality  wps  visited  by  the  wntd.  iu 
1910.  *  Tho  workuigs  of  tho  Luckj' 

Boy  mute  just  iiortb  of  Cottotiwood  Canyon 
form  a  bowl-sliupecl  open  cut  about  100  feet  in 
diamekn’  anil  00  foot  deep,  a  (hift  to  tho  west 
about  80  feet  hito  tho  mouuttiin  following  the 
gently  dippbig  bedding ,  planes,  a  tortuous 
wbize  from  the  face  of  tho  drift  tuiTiing  back 
aud  coining  out  oii  tho  mountain  side  about 
50  feet  below  tiio  open  cut,  and  a  shaft  at  the 
bottom  of  tlie  open  cut,  now  filled  with  broken 
rock,  reported  to  have  been  sunk  about  40  feet 
on  a  north-south  narrow  nearly  vertical  vein 
carrying  barite  and  some  cinnabar.  Tho  cin¬ 
nabar  ore,  it  seems,  was  of  low  gviwlo,  and  tlio 
commercial  oro  was  raaudy  of  onofritc  and  to  a 
smaller  degi’ce  of  tiemonnito,  thosulphoselonido 
and  tho  solcnido  of  mercui’y,  wliich  wore  found 
in  a  dejiosit  from  2  to  8  inches  thiclc,  following 
tho  bedding  planes  and  impregiiatbig  tho  Im- 
nuro  dark-gray  limestone.  Tiemaimito  w’as 
reported  also  from  the  barite  vein,  aud  tho  fis¬ 
sure  here  may  have  been  the  channel  for  the 
ore  solutions.  The  intersection  of  tliis  fis.sure 
with  the  bedding  vein  w'ould  be  about  where 
the  opcu  cut  now  is,  and  Indeed  much  of  tho 
original  deposit  has  probably  been  eroded  away. 
The  deposit  was  evidently  superficial,  for  the 
life  of  the  operations  was  sliort,  tho  total  output 
small,  and  it  is  now  difficult  to  find  oven  sam¬ 
ples  of  ore  hi  tho  workings.  Tho  occurrence  is 
of  especial  interest  as  being  the  oidy  deposit  of 
the  selonides  of  mercuty  in  the  country  ever 
worked  on  a  commercial  scale,  however  smaU. 
The  rceluction  wos  by  two  retorts  operatccl  m 
Cottonwood  Canyon  to  the  south  of  tho  nunc. 
In  the  Dcerlrail  gold  mine,  several  hunched  feet 
verticftUv  below  tho  Lucky  Boy,  aud  along  the 
gently  westward-dipping  bedduig  planes  at  the 
quartzite  and  limestone  boundaiy,  chmabar 
Nvith  pyi’ite  was  reported  in  u  small  lens-  t.He 
deposition  of  quicksdvor  miaerals  in  both  prop¬ 
erties  may  have  been  duo  to  solutions  arising 
thi’ough  the  same  vertical  north-south  fisscues 
thought  to  extend  parallel  to  the  great  Sevier 
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fiiult,  and  may  liavo  been  localucd  by  trnns- 
vorso  lissuroa  similar  to  those  kiiown  elsewhere 
ui  the  district. 

MeCaskey '  estimates  the  proditction  of  ir.cr- 
eury  frf)m  the  niiue  us  213  flu.sks,  valued  at 
SS,3(KS. 

WEI.AT10N.S  OK  TIIK  DIITKRKNT  DEPOSrrs. 

No  facts  have  been  obsiuwod  that  indicate 
more  ilnm  one  period  of  niiiieralization  hi  the 
rcf^ion,  and  certain  resemblances  between  the 
several  tjTies  of  deposit  suggest  that  they  had 
a  common  orighi.  Tlio  gradation  from  veins 
m  which  loud,  copper,  and  zinc  aro  inmovtunt 
constituents  to  those  in  which  gold  and  silver 
are  of  chief  importance  leave's  no  doubt  of  the 
close  relation  and  common  origin  of  these  two 
types  of  deposit. 

The  relations  of  the  replacement  deposits,  as 
the  Deer  trad  and  Lucky  are  not  so  clearly 
indicated.  Tluse  two  deposits  apparently  arc 
related  in  origin,  for  mercury,  which  is  the  prin¬ 
cipal  mctol  of  tlio  Lucky  Boy,  is  also  present  in 
the  Decrtmd.  The  Dcortrnd  ore,  Kko  that  of 
most  of  the  voms,  runs  higli  in  sdver  and  gold 
as  compared  with  base  metals;  much  of  it, 
indeed,  is  valuuhle solely  for  its  precious  metals. 
In  the  Lucky  Boy  mine  the  mercury  is  present 
n.s  theselciiidoaud  sulphoselenide,  and  the  gold 
ores  contain  both  selenium  and  tellurium. ! 
nio  presence  of  the  relatively  rare  element 
selouiura  in  both  types  of  deposit  suggests  a 
close  relationship,  as  does  also  the  presence  of 
mercury  in  botli. 

Tho  alunito  veins  didcr  markedly  from  the 
others  but  are  still  believed  to  be  genetically 
related.  Tho  striking  dilTcronce  is  in  tho  ab¬ 
sence  of  luetallie  sulphides  in  the  aluuite  veins. 
Pyrito  is  present  in  tho  altered  wall  rock,  hut 
this  has  eviden  tl\’  been  formed  from  iron  ali  eady 
present,  and  no  other  metal  e.xeept  aluminum 
has  been  added.  Tho  resemblances  are  the 
pre.scnee  of  sulphates  in  both  tlic  alunito  veins 
and  in  the  metal  deposits  (in  the  latter  in  the 
form  of  barite).  Perhaps  tlie  most  striking  ro- 
scmblanceis  in  tho  presence  of  potnssium-Qlnmi- 
num  minerals  in  all  the  deposits— in  the  Deer- 
truil  ore  in  large  amount  ii.s  muscovite,  in  the 
gold-silver  veins  ns  adularia  (locally  rather 
abundant),  and  in  tlio  aluuite  veins  hydrous 
potassium-nlumbium  sulphate. 


;  CONDITIONS  OF  DEPOSITION. 

The  composition  of  tho  veins  aiul  the  geaend 
relations  iiulicato  that  they  aro  related  in 
origin,  but  the  wide  difference  iii  their  miaeriUs 
suggests  that  they  must  havo  formed  under 
ilifforent  conditions.  That  different  minmils 
were  deposited  at  slightl}’’  different  times  dur¬ 
ing  the  period  of  muienjlizution  is  indicated  by 
tho  replacement  of  carbonates  and  barite  by 
quartz  and  ndulariu.  Tl'.at  they  were  depos¬ 
ited  under  different  conditions  ia  amply  shown 
by  tho  presence  of  raagnetito  and  gantet,  mia- 
craJs  generally  recogiiizi'il  as  forming  under 
conditions  of  considerable  heat  and  pressure, it 
some  veins  in  the  intrusive  rock  of  tlic  Antelope 
Range,  while  in  other  deposits  are  mercury 
and  selenium  minerals,  adularia  and  alunite, 
which  arc  rcgardoil  ns  forming  under  conditkiia 
of  relatively  l<nv  temperature  and  pressure. 

These  facts  might  be  c.vplained  by  the  follow¬ 
ing  order  of  events:  (1)  Successive  beds  of 
lava  and  tuff  wero  ejected,  witli  intervening 
periods  of  quiescence,  during  which  the  lavoa 
lost  most  of  their  lioat;  (2)  monzonitic  masses 
were  intruded  with  dikes  extending  into  tbo 
lavas  and  more  or  less  fissui-ing  of  tho  inti'uded 
rock;  (3)  tho  outer  portions  of  these  intrusive 
masses  cia^stallizcd  and  in  the  readjustment  due 
to  cooling  and  possibly  to  otl.or  forces  both  the 
recently  intruded  rock  and  the  overlying  flows 
wero  further  fissured;  (4)  along  these  fissuns 
rose  heated  solutions,  which  within  the  intru¬ 
sive  mo-ss  were  higldy  heated,  and  deposited 
minerals  charae^lcristic  of  this  condition,  but 
which  as  they  passed  into  tlie  cooler  ovoiiying 
rocks  were. subjected  to  reduced  temperaturo 
and  pressure,  and  this  condition  was  recorded 
in  the  character  of  the  deposits.  The  solutions 
seemingly  underv^■'ent  a  progressive  change  in 
composition,  depositing  first  abundant  carbon- 
ntes,  later  quartz  and  adularia,  and  finally 
sulphates. 

ITie  fact  that  the  base  metals  occur  most 
abundantly  In  close  association  with  sedimen¬ 
tary  rocks  suggests  that  the  sedimentary  rocks 
may  have  precipitated  tho  metals  from  tho 
solutions.  It  is  aLo  noteworthy  that  the 
largest  deposits,  both  of  tho  quartz-odularift 
gold-silver  and  of  the  alunito,  are  at  consider¬ 
ably  higher  elevations  than  tho  main  deposits 
of  baso  metals  and  aro  therefore  considerably 
nearer  tho  original  surface,  wliich  may  have 
been  an  important  factor  in  determining  the 
tliffercneo  in  character. 
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SOURCE  OF  MUSERAEIZUIO  SOLUTIONS. 

T1:R  oiig’m  of  the  solutions  that  formed  the 
deposits  cati  not  bo  positively  determined,  but 
tho  most  Ukolj'  .source  seems  to  ho  tho  water 
[^veii  off  bj'  the  crystallization  of  the  miigum 
^at  foriru'd  the  intrusive  body  whi(h  under¬ 
lies  the  lavas. 

hi  this  district,  ns  in  othcis  where  similar  de¬ 
posits  have  hetm  studied,  it  is  apparent  that  j 
potassium  luid  aluminum  minerals  were  more 
ahuiidantly  deposit.<’d  in  the  later  stages  of 
muieralizatioti — oithcr  the  solutions  became 
richer  bi  pota.ssium  and  aluminum  or  tho  con¬ 
ditions  for  deposition  of  these  elements  became 
more  favorable.  Tho  relative  physical  condi¬ 
tions  under  which  tho  qnartz-adularia  veins 
and  tho  olunito  were  deposited  are  not  per¬ 
fectly  clear,  hut  it  seems  highly  probahlo  that 
the  ahuiito  veins  wore  deposited  at  lower  tem¬ 
perature  and  pressure  than  the  iiuartz-adularia 
veins,  and  that  they  represent  a  later  stage, 
when  the  comjiosition  of  the  solutions  had 
undorgono  a  change.  The  relative  rarity  of 
fJa’iitc  deposits  may  bo  due  to  the  fact  that 
they  form  near  tho  surface  and  consequently 
have  only  hi  a  fow  places  been  preserved.  It 
is  evident  that  when  the  oluuito  was  formed  the 
tolulions  were  rich  in  sulphate,  and  if  it  wo.^ 
deposited  later  than  the  carbonate  and  quavtz- 
adularia  veins,  as  seems  probable,  it  is  to  be 
expected  that  in  places  it  will  be  found  super¬ 
imposed  on  tho  quartz-adularia,  us  the  qiiartz- 
tdulnria  is  superimposed  on  tho  earlier  carbon¬ 
ate  veins. 

Tho  source  of  the  potassium  and  aluminum 
has  not  been  positively  determined.  In  gen¬ 
eral,  however,  the  potash  cojitainc'cl  in  alunito 
is  thought  to  have  been  derived  from  the  alter¬ 
ation  of  the  feldspar  of  tho  rock  in  wliich  the 
deposits  occur.-  In  part,  sucli  an  origin  can  be 
roafidcntly  staU'd  for  the  alunito  of  tho  ^farys- 
valo  deposit,  but  that  it  holds  true  for  tho  main 
vein  is  not  evident. 

Tho  chiuactoristic  alteration  of  tlie  wall  rock  , 
af  veins  of  this  type  consists  in  a  progressive 
baching  of  tho  elements,  potassium  and  nlumi- 
aara  bc’mg  tho  latest,  e.xccpt  silica,  to  be 
removed,  but  in  somo  ploc^os  these  also  have 
leached  out.  In  tho  wall  rock  of  the 
*lunite  vein  lu-ar  ilarysvale,  howover,  the 
dunitc  appears  In  ho  suffieiontly  abundant  to 
®^owit  for  a  large  part  of  the  potassium  of 
*ho  original  rock,  and  thoixffon?  tho  rock  i 


nnmediatoly  adjacent  to  the  vein  can  bo 
ennsiderod  as  furnisliing  «-ll  tho  pota.ssiuin  for 
tho  vein  by  luforal  secretion.  In  sonio  Qf 
other  vouis,  however,  practically  nil  coustiiu- 
ents  e.xcept  silica  and  iron  have  been  removed 
and  have  nob  been  deposited  near  by.  'fins 
permits  the  interpretation  that  a  part  at  least 
of  tho  pola.ssiuin  and  aluminum  contoit  of  tho 
vein  may  have  boon  derived  from  the  wall  rock 
at  greater  depth  where  conditions  were  favor¬ 
able  for  Solution,  tho  enriched  solutions,  risiug 
uito  cooler  zones,  Iniving  rodeposited  these 
cleinonls.  If  tills  is  true  one  might  expect 
that  if  tho  vein  could  bo  traced  to  the  original 
surface  tho  ulunitc  depo-sits  would  grnduullv 
merge  uito  those  carrjnng  othc'.r  suits  that 
were  pn'cipitated  at  still  lower  temperatures — 
if,  mdeed,  nlunito  did  not  extend  to  thesui-faco 
wliile  moro  soluble  salts  were  carried  out  on  tho 
surface  in  solution — and  tluit  on  the  other 
hand  with  increasuig  depth  a  zono  would  bo 
reached  that  Wtia  not  favorahlo  to  tho  depo¬ 
sition  of  aluiiite. 

Tlmt  the  pota-s-sium  and  aluminum  in  the 
veins  of  this  district  were  introduced  by  tiie 
solutions  and  were  not  derivtal  directly  from 
the  wall  rock  is  further  indicated  by  the  high 


potassium  ond  aluminum  eont-ent  (ns  musco¬ 
vite)  of  the  Decrtrail  ores ;  theso  occur  in  quartz¬ 
ite  and  limestone,  which  do  not  contain  not- 
ublo  amounts  of  potassium  or  alimmium,  and 
consequently  both  of  those  elements  must  have 
been  uitroduced.  Tliero  seems  no  reivsonablo 
doubt  that  tlio  mineral  content  of  the  veins, 
for  tho  most  part  at  least,  wtus  introduced  by 
deep-seated  solutions. 

In  tins  respect  the  evidence  in  the  >rar3-svulo 
region  agrees  with  that  m  other  districts  of  the- 
West  whore  similar  Tertiary  vchis  occur. 
Lbdgren'  law  called  attention  to  the-  siim- 
larity  of  tho  deposit^  bi  tho  northern  part  of 
the  range  to  tlioso  of  Do  Lamor,  Idaho,  and 
further  similarities  *ve  shown  hy  tho  scricitic 
orea  of  the  Di^rtrad  mine,  which  seem  to  re¬ 
semble  closely  some  of  the  “talcosc  "  ores  of 
tho  Idaho  deposits  that  cAny  ns  high  as  12.01 
per  cmt»  of  pota-wa  (K,0),  Lindgi-eii  con¬ 
cludes  ‘  that  the  main  content  of  tho  Idfl^ 


PI„t«Ccunty,m«l.: 


*  idem.  p.  !**• 
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veins  was  brought  up  from  depth  by  thermal 
waters,  and  that  the  removal  of  alumina  from 
tho  wall  rock  indicates  the  presence  of  sul- 
phmic  acid  in  tho  waters,  though  sulphates  do 
not  seem  to  have  been  deposited,  or  if  de¬ 
posited  have  not  been  preserved.  Spun-  *  has 
concluded  that  the  veins  in  the  Tonopah  dis¬ 
trict,  Nev.,  which  contain  notable  amounts 
of  polassa  in  the  form  of  ndularia  tmd  in  many 
respects  resemble  tho  adulaiia  veins  in  the 
Marj-svale  district,  derived  their  mineral  con¬ 
tent  from  heated  watem  given  off  by  crystal¬ 
lizing  magmas. 

S<;bradcr  -  has  described  similar  deposits  in 
the  Black  Mountains,  Mohave  County,  Ariz., 
containing  notable  amounts  of  potassa  in  the 
form  of  adularia,  and  attributes  their  origin  to 
hot  waters  ascenduig  tlmoiigh  the  lavas  at  the 
closo  of  igneous  activity. 

Sclimder^  has  also  described  very  similar 
deposits  in  the  Jarbidge  district,  Elko  County, 
Nov.,  which  coutain  as  high  as  11.84  per  cent 
of  potassa  (KjO)  m  the  form  of  adularia.  He 
concludes  that  tho  veins  were  formed  by  as¬ 
cending  thermal  solutions  rich  in  silica,  alumi¬ 
num,  and  pota.«sium. 

Similar  veins  hi  New  Mexico  have  been  at¬ 
tributed  by  Lindgrcn,  Graton,  and  Gordon  *  to 
ascending  thermal  waters,  and  a  similar  origin 
has  been  stated  by  Umplcbj'  '*  for  veins  carry¬ 
ing  some  adularia  in  the  Repubhe  district, 
Wash.  The  writer  believes  that  the  de¬ 
posits  in  the  Gold  Springs  and  State  Lane  dis¬ 
tricts,  Utah,  and  in  tho  adjacent  Fay  district, 
Kev.,  are  to  he  attributed  to  a  similar  origin. 

Opinion  appeal's  to  be  iiiiiforra,  therefore, 
that  the  veins  cari'ying  adularia  w'oro  deposited 
by  ascending  thermal  watem  rich  in  silica, 
alumina,  and  potassa.  Nowdiore,  how'over,  out- 
sito  of  the  ihiiysvalo  district  have  important 
iilunite  deposits  associated  with  the  adularia 
vein-s  been  recognized. 

Of  tlio  alunite  deposits  of  which  detailed 
descriptions  are  available  tho  one  that  shows 

•  Spurr,  J.  E.,  GeokVT ol  U»o  Tecofuti  mlntn;;  dl.c.rlct,  r>ov.:  U.  S. 
C»ol.  Survsy  ?ra(.  raper  42,  p.  Ml,  1K4. 

»  S;an*l<T,  F.  C..  UiDcral  depcsllx  In  Oio  CerSa  Blnck  ifcjn- 

Uln»,  niKl  Graod  Wi*h  ChUs,  Mohave  County,  ACi.:  U.  S.  Geol.  Sur- 
v«y  Bull.  »7,  p.  -ts,  ittw. 

•Schiaier,  F.  C.,  A  rvi-unnaissanco  ol  Iho  larMOce,  Cxratact,  nnd 
Flk  Mt^mlolii  mining  distrlrU,  Elko  Cnnnly,  Xer.:  U.  8.  Cool.  Sur- 
«)•  Bull.  WT,  p,  S3, 1512. 

•  Undmn  WaMeniar,  Graton,  L.  C.,  aixl  Gonlon,  C.  n..  Tho  ore 
<l*poai>  ol  New  Mexico:  U.  a  Gcol.  Survey  Frol.  I’Oiwr  OS,  p.  71.  1910. 

•Uaipicby,  j.  B.,  Gonloyy  and  oro  deimlu  of  the  Hci><>*’R®  raloioE 
dUtrict;  Washlnglon  Geol.  Survey  Bull,  |,  p,  (2,  lUlo, 


the  closest  relation  to  the  t3'])e  imdGr  dis¬ 
cussion  is  that  at  GoldSeld,  Ncv.,  where  alunite 
occurs  as  an  important  primary  ganguc  min¬ 
eral  of  gold  deposits. 

Ransomo  *  considers  the  alunite  at  Goldfield 
to  have  been  formed  by  solutiorus  of  deep- 
seated  origin  charged  with  hyth'ogeii  sulphide 
that  ro.se  to  the  surface  of  the  earth,  whore  the 
hydrogen  sulphide  w'as  oxidized  to  sulphuric 
acid.  The  acidic  solution  percolated  down¬ 
ward  and  hi  a  heated  zone  reacted  wdth  potas¬ 
sium-aluminum  silicates  to  form  alunite. 

Larsen  ’  has  described  the  occurrence  of  alu¬ 
nite  in  the  San  Cristobal  quadrangle,  Colo.,  and 
also  of  the  allied  mineral  liiiisdalite  (2PbO. 
3.‘U203.2S03.P303.GH20),  which  is  associated 
with  metal  sulphides.  Larson  says:  “The  field 
relations  point  strongly  to  deep-seated  hot  sul¬ 
phuric-acid  solutioos  w’ithout  the  aid  of  sur¬ 
face  agents.”  Larsen,  how-cver,  suggests  the 
possibility  of  the  mineral  having  formed  in  a 
manner  similar  to  that  described  bj'  Rnnsome 
for  Goldfield. 

The  alunite  deposits  in  the  Mni’ysvole  dis¬ 
trict  are  believed  to  have  formed  near  the  sur¬ 
face,  and  it  is  possible  that  the  sulphate  may 
have  been  fonned  tlio  o.xidation  of  hydro¬ 
gen  sulphide,  but  this  must  have  occurred  by 
the  miiiglhig  of  solutions  at  considerable  depth. 

For  further  discussion  see  page  1S4. 

GOLD  MOTIKTAIN  DISTRICT. 

By  B.  S.  Butler. 

The  Gold  Mountain  district  has  been  by  far 
the  most  productive  in  the  range.  The 
output,  which  has  been  entirely  of  precious 
motuls,  has  been  principally  from  the  Annie 
Laurie  and  Sevier  mines. 

Annie  Luune  inin^. — The  Annie  Laurie 
mine  has  been  operated  veiy  little  for  soveiid 
yearn,  and  most  of  its  workings  w'ere  in¬ 
accessible  at  the  time  of  visit.  Lindgrcn,* 
w^ho  visited  the  mine  in  1904,  when  it  was 
in  operation,  describes  it  as  follows; 

The  depoaita  occur  in  woll-dofined  quarU  veia«  cuUiog 
(hrougb  the  core  of  this  old  volcanic  districl.  As  far  » 
known,  no  deposits  occur  in  the  rhyolite  or  in  the  grest 
ninssoa  o(  rhyolite  tuffs  to  tho  uorth  of  tho  Annio  Lourie. 
They  are  confined  to  the  docile  already  neutioned  ** 
ix;currins  aear  tlie  mines.  The  Anxiie  .Laurie  vein 

*  Rir:5om«,  F.  L.,  GcoIokX  and  oro  depovili  of  Ooldfle'td,  Hov.;  U.  A 
Gcol.  SuTVoy  Trol.  rajierW.  pp.  ISV-164,  IBI^ 

»  lAfsen,  E.  S.,  Aliinlto  la  tU«  San  Cristol'ttl  qundnuclc,  C«io.;  U.  A 
Geol.  Siirvoy  Bull.  fBO.  p.  179,  1511. 

•  l.ind|!r<\n,  W'ukluinar,  Tho  Aiiiiki  Lniirlo  mlno,  Piute  Couq-.y,  Utah! 
U.  8.  Cool.  Survey  Bull.  285,  pp.  87-flO,  1900. 
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caiirsw  ne:irly  nortli  aiiri  souUi  and  dip*  '''o'’*  <o  CO® 

\f,  About  a  niile  to  the  west  is  a  parallel  vein  (-ailed 
(hoSe'icr,  on  wliich  the  Sevier  Jlinin"  fo-  i»  no'r  erecting 
a  mill.  'I^e  extenaion  of  the  Sevier  toward  the  Lorth 
is  being  suuSht  for  in  the  Holland  funnel. 

The  Annie  Laurie  veui  ia  very  poorly  exposed  on  the 
sarface,  being  largely  covered  by  nioraiijal  material. 
Thsre  is,  however,  a  lai-gc  outcrop  rising  boldly  above  the 
Plucrdrd  tunnel,  arul  this  formed  the  point  of  diseove^.  | 
•file  vein  has  not  been  found  on  the  surface  at  any  point 
north  of  this.  Within  a  nodcrate  disUrnce  north  ironj 
the  nortbcmrnijst  workings)  the  Annie  Laurie  vein  should 
cii»or  the  rhyolite.  How  this  will  affect  the  deposit  is 
AS  yot  problematical.  On  tire  surface  none  of  the  pro- 
jliictivii  veins  appe.\r  to  occur  in  this  rock. 

The  quarU  fornui  an  almost  continuous  sheet  along  the 
-.-ein,  rarely  Icos  than  ;j  feet  in  thickne<s  and  often  ex¬ 
panding  to  a  width  of  20  feel  or  more.  As  a  rule  the  walls 
aw  poorly  defined  aud  slickeusidcs  indicating  motion 
sr«  mro.  lu  places  it  contain.*),  parallel  to  I  be  walla, 
streaks  of  iron  oxides  and  black,  sooty,  raangaiitaG  ores. 
Xiar  the  walb  the  vein  very  comnioiily  shows  brocciation, 
a)Ki  the  quartz  he.-e  often  contains  abundant  and  sharply 
defined  incluaiona  of  country  rock.  \\TiiIe  it  is  almost 
htpiailde  to  obt&ia  fresh  rock  at  any  place  in  the  mine, 
^<id  caleritizavion  as  well  as  carbonaiizatior.  have  fre- 
()U«otI)r  oertUTsd,  the  rock  is  not  changed  very  mucli 
in  appearance,  and  the  included  green  isli  fragments  ore 
tiskr])i)'  outlined  against  the  white  quartz. 

The  mine  workii^  bare  not  penetrated  below  the 
i(Sio  of  oxklation,  and  neither  the  quartz  nor  the  country 
rock  Deem  to  contain  any  unoxidi/.ed  sulphides.  In 
only  one  place,  in  the  cnwscul  of  the  lowest  tunnel, 
wu  some  fresher  dacite  found  which  contained  specks 
cl  pyrite. 

In  addition  to  the  regular  vein,  whicii  is  often  referred 
to  as  the  East  vein,  there  fa  also  iu  certain  ixirts  of  the 
Turldngs  a  smaller  fissure  wliich  lies  a  short  distance 
to  tho  west  and  which  differs  in  some  respects  from  the 
fcnncr.  Its  quartz  contains  more  gold,  its  vein  is  narrower, 
aid  ilickonsidcs  appear  sometimes  on  the  walls.  It  is  , 
pritiapnlly  known  from  No.  .3  tunnel,  in  the  richest  | 
pin  of  the  vein. 

Two  faults  with  a  throw  of  20  and  40  feet  are  known 
oa  the  Bhio  Bird  ar.d  No.  4  levels,  but  on  the  whole  the 
vein  is  little  disturbed. 

Tho  ore  consists  of  a  white,  normal  vein  quartz,  often 
very  frisblo,  breaking  easily  into  small  fragments.  It  fa 
mmetimes  drusy  but  more  commonly  massive.  Galcitc 
habundaot  iu  certain  parts  of  the  deposit  but  has  often 
keen  dissolved  by  surface  waters,  Itjaving  a  hackly  or 
lutollar  quartz  of  striking  appearance.  .Vs  a  nile  no  ore 
t^innala  arc  visible,  although  ou  panning  the  quartz 
'f-iy  )ield  a  little  visible  gold. 

pyrite  wliich  the  ore  contained  is  doubtless  con- 
vertai  to  limonite,  while  the  decomposition  of  the  car- 
bos  resulted  in  tho  formation  of  oxides  of  man- 
as  well  as  more  limonite.  A  slight  copper  a(ain 
*PP^in  places,  cspcciall.v  where  the  ore  fa  rich.  Finely 
divided  argentite  is  no  doubt  present,  but  only  in  siuall 
'loaotities.  On  concentration  the  ore  yields  a  very  small 
qaaotity  of  sulphides,  which  are  extremely  rich  in  silver. 
The  value  of  Ih®  K'dd  in  the  ore  exceeds  that  of  the 
Sampte  0'’“  °*  II*®  Fast  vein  yield,  fur  instance. 


gold,  .?I2;  silver,  §.2.30:  or  gdd,  $.5.60;  silver,  $2.05 
bamplc's  irnni  the  tVesl  vein  coukiin,  for  instaitco  (;oi,i 
Si  I ;  silver,  32  cents;  or  gold,  &1.80;  silver,  63  ceutg'  (p},^ 
rii-htst  ore  is  stated  from  $15  to  $18  ppj 

odd  samples  frequently  rising  to  $100  per  too.  The 
ttverago  value  of  tho  ore  Ls  said  to  bo  bfitween  $7  ^ 

per  ton.  The  bullion  obtained  from  the  zinc  boxes  fa 
SUtod  to  be  0.025  fine.  One  analysis  shows  2:J0  parts  of 
gold,  (i!>.5  parts  of  silver,  05  parts  of  zinc,  and  lo  paits 
of  copiier,  the  zinc  being  derived  from  the  shavings 
in  the  boxes.  The  average  bullion  would  contain  about 
750  parts  .silver  otid  250  parts  gold.  » 

TIui  oro  shootJ  of  the  .Viinie  Laurie  vein  have  on  ill- 
definoi!  lenticular  form  when  projected  on  tho  plane  of 
Ihe  vein,  and  appear  lo  pitch  45®  or  l)Jss  lo  the  north. 
Some  of  tliera  ot  least  have  cores  consisiling  of  bunches 
of  rich  ore,  grudtially  decreasing  iu  tenor  t(3ward  the 
outside.  Ou  No.  3  level  in  tlio  shoot  the  vein  is  iu  places 
23  feet  wide, 

Sevier  ixinn.— Tho  Sevier  vein  strikes  nearly 
lorth  and  dips  ratlicr  steeply  east.  The  lodge 
:fin  ho  followed  by  interrupted  outcrops  for 
fully  :i,000  feet  and  in  its  greatest  development 
jxceeds  30  feet  in  width.  The  ore  occurs  in 
shoots  that  are  irregular  in  form  and  very  vari- 
iblo  in  size.  Tho  vein  matter  of  tho  ledge  is 
[juartz  with  considerable  carlwnate  and  some 
iiduhiria,  together  with  iron  oxide  that  has 
resulted  from  the  oxidation  of  sulphides.  The 
vein  quartz  ha-s  the  lamellar  form  and  hackly 
fracture  characteristic  of  tliis  type  of  vein, 
[nndgren^  says; 

Tho  ore  of  the  Sevier  niino  is  iu  general  similar  to  Umt 
of  the  Annie  Laurie,  although  a  drusy  structure  fa  more 
common;  in  places  well-crjutallized  maasca  of  amctln’st- 
colored  (luarlz  api>eJr.  *  *  *  A  considerable  amount 
of  argentite  fa  present  iu  finely  divided  form,  and  panning 
also  yields  a  little  fine  gold. 

At  the  time  of  the  vTiter’s  visit  the  ore  was 
bemg  extracted  from  an  open  cut.  At  depth, 
in  some  places  at  least,  the  vein  quartz  has 
apparently  given  pUco  to  siliclfied  country 
rock  witl\  small  stringers  of  quartz,  but  wbetbor 
this  condition  is  local  or  general  can  not  be 
stated. 

The  ore  is  treated  at  a  mill  on  the  proper^ 
by  amalgamation  and  cyauidation. 

OHIO  mSTBlCT. 

Py  B.  S.  Bdtlek. 

Tlio  Ohio  mining  district  has  never  mnxlo  a 
large  production,  though  it  has  been  the  s^-ne 
of  considerable  devc  opment.  The  BuUy  Boj 
and  Webster  niin^  has  been  the 
ducer,  and  t.he  Shamrock. 

- I  Op.  ell.,  p.  00. 
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Wedge,  and  othej's  iiavo  made  small  pro- 
ductior.s. 

Bulbj  Boy  and  rrane. — The  priiicipij 

workings  of  the  BviUy  Boy  and  W  ebster  mine 
linvo  been  on  two  veins,  striking  generally 
north  and  dipping  steeply  west.  The  cotuitiy 
roek  is  quartzite  and  poi  ph>'ritic  lava,  'flie 
vcijis  evidently  occupy  fault  fissures,  for  in 
tho  west  vein  the  quartzite  hn.s  b(H)n  faulted 
against  tho  lava  in  a  part  of  the  developed 
area.  Tno  veui  is  ui  part  inclosed  in  tho  vol¬ 
canic  I’oeks,  in  part  lies  between  quartzifo  and. 
lava,  and  at  the  south  end  of  tho  tunnel  is 
wholly  in  quartzite. 

Tho  vohi  filling  is  mainly  quartz,  with  sub¬ 
ordinate  amounts  of  corhonate,  fluorite,  and 
barite.  The  carbonate  in  places  becomes 
abundant.  The  vein  is  in  many  places  Lidis- 
tiuctly  bunded,  indicatuig  that  it  was  formed 
in  on  open  space.  The'pay  oro  is  in  iiTegular 
shoots  that  oix'.ur  in  an^^  part  of  tho  veut. 

'llio  oro  varies  cojisiJcrably  in  mineralogy 
and  niotol  content.  'Iho  west  vein  contaurs 
lead  and  somo  copper,  gold,  and  silver,  llio 
oast  vein  is  richer  in  gold  and  in  the  upper 
levels,  at  least,  contains  less  Jooel.  Tho  uopor 
levcla  have  yioldod  somo  verj'  rich  gold-silver 
ore. 

In  tho  upper  levels  the.  ores  have  been  o.vi- 
elizcd,  tho  load  and  copper  being  present 
largely  as  carbonates.  In  tho  lower  levels  tho 
Ic-ad  is  galena  and  tho  copper  min. orals  arc 
chalcopyrito  and  tetrahedrite.  Maiignnoso  is 
abundant  iri  all  parts  of  the  mine  but  especially 
ui  tho  quartzite  on  tho  lowest  level  of  tho  west 
vcm.  In  most  parts  of  the  miiio  it  is  present 
as  hydrous  oxide,  but  in  tJio  south  end  of  the 
lower  tunnel  the  veui  is  mmlo  up  largely  of  a 
brown  carbonate  that  yields  o.xidcs  of  iron  and 
mangauoso  on  weathering.  Li  tho  rich  gold 
oro  tho  gold  is  in  part  native  and  in  part ! 
probably  combined  with  silver  os  tellurido  and 
.sclcniile.  Both  tellurium  and  selenium  are 
present  in  tho  ore. 

The  ore  at  prcKMit  developed  in  tho  muio  is 
of  milling  gra<lo.  A  mill  was  built  on  the 
propertj-  in  1913  and  s(»tije  ore  concentrated. 
It  was  Inter  destroyed  by  lire. 

Slarnroch  rtniic. — Tlie  Shannwk  niino  is  in  a 
vob»  of  quartzite  that  strikes  northwi>st  and 
«lip.s  sUtply  southwest.  Tlio  vein  filling  is 
<)uartz  and  somo  onibouato  with  chalcop.vritc, 
totrnhedrite,  and  galena.  The  sulphides'bave 


been  partl3'^  oxidized.  Tho  ore  ocems  i^og- 
Tilar  shoots  in  tiie  vc'iii.  Development  Irt^bcen 
by  two  tunnels,  about  70  feet  apart  vcit'ically, 
with  raises  and  winzi's  in  tho  oro  shoots.  It 
is  reported  that  a  few  carloads  of  ore  ha'^c  been 
shipped  from  tlio  mine. 

Cascade  mine. — The  Cascade  mine  is  devel¬ 
oped  in  a  vein  in  quartzite  that  strilccs  west  of 
north  and  dips  steeply  west.  Tho  vein  fiUiiigis 
quartz,  with  somo  carbonate,  os  in  tho  other 
veijis  of  tho  district.  Tho  sulphido  minerals 
are  cbalcopj'riU',  tetraln'dritc,  galena,  and 
sphalerite,  all  of  which  aro  partly  oxidized. 
Tho  ore,  as  in  tho  other  mines,  contains  gold 
and  silver.  It  is  reported  that  somo  has  been 
shipped.  Tho  dopo.sit  is  developed  by  several 
hundn^d  feet  of  tunnel,  with  raises  and  winzes. 

Deseret  min4:. — ^'Fhe  Deseret  mine,  east  of  the 
Bully  Bo,y,  is  in  a  paj  aLlol  vein  and  tho  om  is 
apparently  of  the  same  general  character, 
though  tho  w'orks  wore  not  accessible  at  the 
time  of  visit. 

Dalioii  mine. — Tho  Dalton  mine  has  long 
been  idle  and  tho  workings  were  not  oxii.niinc<l. 
It  is  in  anorth-soiath  vein,  appoj’ontly  of  quartz 
carbonaU^  .similar  to  other  venis  of  the  dis¬ 
trict,  except  that  it  contains  rhodochrosite. 
Totrahodrite  and  pyiito  are  plentiful  in  sonic 
specimens  of  ore.  Tho  mine  produced  a  few 
thousand  dollare’  worth  of  rich  gold-silver  ore 
and  a  mill  was  erected  in  Bullion  Canyon  for 
the  treatment  of  the  lower-grade  material,  but 
little  oro  wo-s  treated  in  this  mill. 

\Ved,ge  mine. — ^Tlie  Wedgo  vein  is  a  quiirtz- 
carbonate-adaliiria  vein  in  the  volcanic  rooks, 
ft  is  reported  that  a  small  amount  of  rich 
gold-silvca'  ore  was  mined  near  tlio  surface. 
Sineo  tlio  writer’s  visit  additional  ore  has  been 
developed  and  shipped.  There  arc  other  pro-s- 
poets  in  tlio  district  and  probably  small  produc- 
!  tion  has  been  mado  from  other  properties. 

MOUNT  BALDY  DISTRICT. 

By  B.  S'.  Butler. 

Deerimil  mine. — ^Dic  Doertrail  mine  has 
raudo  the  lai^ost  production  of  any  mine 
ill  the  district.  It  is  a  rej)l!ic.emimt  deposit 
forming  on  irregular  flat-lying  body  in  lime¬ 
stone  just  above  heavy  bedded  quartzite. 
The  lugh-graclo  ore  consi.sted  principally  of  the 
oxidation  products  of  galena  and  pyiito  with 
a  high  gold  and  silxTT  content.  The  milling 
ore  is  ii  friable  materia!  composed  of  scririlio 
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muscovite,  quint/,,  unti  hydrous  iron  oxirio  imd  I 
osvrf  its  Tiduc  to  gold  nnd  silver.  Tlie  amount ' 
of  this  targe,  but  its  chiiracter 

mndors  the  saving  of  tlic  gold  and  silver 
difficult.  1q  the  early  eighties  a  mill  in  Bullion 
Ciinyon  trentod  6,000  to  7,000  tons  of  ore,  but 
the  loss  in  tailings  was  high.  At  a  rough  esti- 
uitlc  the  value  ol  the  metal  produced  from  all 
ore  mined  is  about  8150,000. 

Tlie  fine  sericitic  mien  of  this  deposit  could  i 
nrobiihly  be  washed  and  sold  if  it  were  not  for  ' 
the  eost  of  transpoiiation.  A  mill  was  built 
and  put  in  operation  on  the  property  in  1918. 

Lwhj  Boij  mine. — nio  Lucky  Boy  quick¬ 
silver  deposit  which  has  replaced  liracstoue 
consists  of  tiemannite  and  onofrito.  Its  gen¬ 
eral  character  is  described  on  page  5.51. 

Chide  mine. — Tho  Clyde  mine  is  developed  on 
a  fissur  e  vein  striking  west  of  north.  Tire  mine 
was  idle  at  the  time  of  visit  and  the  workings 
were  not  examined.  The  ore  on  the  dump  con¬ 
sists  of  pjTite,  chnlcopvTite,  totrahedrite, 
sphalerite,  and  wurtzite  in  n  gangue  of  quartz 
with  some  ciarbonnte.  lire  vein  is  developed 
by  a  winze  from  a  tunnel  several  hundred  feet 
above  tlie  bottom  of  Cottomvood  Canyon,  A 
second  tunnel  was  driven  near  the  bottom  of  the 
canyon,  but  no  oro  is  reported.  'Hrc  nrine  is 
ivported  to  have  shipped  a  few  carloads  of 
copper-silver-golcl  ore. 

Cnjstolmine. — ^T'he  G’ystal  mine  on  tho  south 
siiio  of  Little  Cottonwood  Cnn3'on  i.s  developed 
in  veins  in  quartzite.  The  ore  is  reported  to 
have  carried  lead  with  gold  and  silver.  A  mill 
was  constructed  on  the  property,  but  little  ore 
Was  treated. 

There  has  been  considerable  prospecting  in 
the  district  bj'  other  companies  but  no  large 
production  of  ore.  Tl\c  alunite  veins  of  the 
district  (see  p.  646)  have  yielded  considerable 
potash  nnd  are  a  possible  soiir<K)  of  aluminum. 

Krotki  iron  mine. — The  Krotki  iron  mine  in 
the  .Vntelope  Range  (sec  p.  546)  has  produced 
some  iron  and  manganese  ore,  which  has  been 
s.ippcd  to  the  valley  smelters  for  flux. 

NXWTON  DISTBICT. 

By  B.  S.  Butikr. 

There  has  been  prospecting  at  numerous 
Points  in  the  Newton  dwtrict,  but  only  tho  Rob 

and  Sheep  Rock  miacs  have  been  pro¬ 
ductive. 


.i  ff 

tUc  contact  of  intrusive  quartz  mouy.onite 
poipbyry  and  the  overlying  volcanic  roclcs 
both  of  which  havo  Ix^cn  fissured  and  the 
fissures  tilled  witli  veui  quartz,  Adjaocmt  to 
the  veins  tho  rocks  have  been  exlemsivcly 
altered  and  in  many'  plnc,es  siJicilied  and  jiyri- 
tized.  Tho  Rob  Roy  vein  strikes  about  jicirth 
and  dips  west  at  n  rather  low  angle.  The  niino 
has  produced  a  little  rich  gold  ore. 

^hvep  Rock  7)iinr. — Tho  Sheep  Rock  mine  is 
about  .1  miles  south  of  tlio  Rob  Roy,  Accord¬ 
ing  to  Loughlin  the  geologic  conditions  are  as 
follows; 

The  country  rock  is  andesitic  porjihvry, 
which  is  nil  more  or  less  sericitized  and  py-ritized 
and  in  j>laces  is  highly  silicitied,  .\t  the  bottom 
of  the  Sheep  Roek  shaft  (300  feet  deep)  the 
sericite  rock  contains  patches  of  calcite  and 
fluorite,  'I'ho  rock  on  tho  siirfnco  is  largely 
reduced  to  “float,”  Tl'.is  float  contains  much 
vein  quartz,  and  it  is  ,surprising  that  it  has  led 
to  so  little  prospecting, 

TIio  Sheep  Rock  vein,  which  alone  has  been  . 
prospected  and  developed,  strikes  north  to  N, 
20  E.  and  tlips  65°  to  70°  E.  'The  vein  matter 
is  quartz,  in  part  slightly  amethystine  and 
contaiiimg  remnants  of  unreplaa'd  calcite,  and 
preserves  in  part  the  shattered  structure  of  the 
c,ountry'  rock.  The  quartz  is  full  of  cavities 
lined  Nvith  ciystaLs  and  is  characterized  by  tho 
hackly  structure  whore  partly'  replaced  calcite 
has  been  removed. 

The  only  ore  minerals  recognized  are  pyrito 
(orlimonitepseudomorphs),  native  gold,  and  a 
fine  dark  material  said  to  be  argentito  or 
cerargyritc  (horn  .silver).  'Hio  pyrito  forms 
small  cubes  and  grains  both  in  tho  white  coniby 
quartz  and  in  the  silicifiod  porjihyTy.  Tho 
'  crold  and  silver  nuiiorals  wore  .seen  only  in 
pannings  from  the  high-grado  ore,  although 
specimens  with  visible  gold  weio  seen  in  Mr. 
W.  A.  Wilson’s  office  in  Salt  Lake  City.  Some 
ruby  silver  is  said  to  occur  in  thin  scams. 
Tellurium  also  has  been  reported. 

The  vchi  is  all  oxidized,  so  far  a.s  it  ha.s  been 
worked,  to  tho  300-foot  level.  Ore  has  been 
mined  from  the  surfixcc,  whore  it  wo-s  5  met 
thick,  down  to  the  300-foot  level,  where  Rs 
maximum  wdd  th  is  25  feet.  The  oro  of  slfippmg 
onide  occura  iu  shoots,  and  is  usually  foUJici 
iLsociated  with  prominent  black  stains  ol 
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hj'di'ous  manj'aiic.se  oxido.  Picked  samples  of 
this  oro  have  nssiiyod  more  than  a  thoasand 
dollai-s  a  ton,  but  the  average  shipping  ore 
probably  ranges  from  350  to  SlOO. 

Tho  parts  of  tlic  vein  inclosing  the  liigli-grade 
shoots  and  also  the  atljacont  pyritizod  rock 
ciuTy  some  gold  and  silver  in  pyrito  and  at  tlic 
time  of  visit  were  being  treated  in  an  experi¬ 
mental  5-stamp  ndll  with  encouraging  resxdts. 

Placer  ground  in  tho  vicinity  of  tlio  Sheep 
Rock  mine  has  been  prospected  recently,  but 
no  definite  results  Lave  been  reported. 

Veins  containing  tungsten  in  the  form  of 
wolfniinito  are  reported  us  occiUTing  near  the 
head  of  North  Cr(*ck. 

FORTUITA  DISTRICT. 

Py  G.  F.  I.oooin.iN. 

Considerable  excitement  prevailed  in  the 
summer  of  1014  over  the  discovery  of  gold  ore 
at  tlic  camp  of  Fortuna  in  the  footrdlls  about 
10  miles  north  of  Beaver  City  at  the  mouth  of 
Rocky  Hollow.  Wlicn  tho  witer  visited  the 
camp  for  a  few  houra  on  September  9,  1914,  it 
consisted  of  11  or  12  tents  and  1  or  2  tent 
wagons. 

Tho  developments  on  difforent  properties  in- 
ei\i\A<u'  uhw  L'aiimnb  tfltc'.li’  iltss’  I'ihnv  I’lSiy  liant  I’ong" 
and  several  smaller  prospects.  Prospecting 
has  continued  during  the  fall  and  winter,  and 
encouraging  results  have  been  reported  in  press 
notices,  but  little  or  no  oro  has  been  shipped. 

The  country  rock,  so  far  as  seen,  is  andesitic 
porphjTy,  mostly  extrusive.  .Several  dikes 
clearly  cut  tho  extrusive  rock. 

Tho  dcyiosits  are  replacement  veins  similar  to 
tho.se  at  tho  Sheep  Rock  mine  and  in  tho  Marys- 
valo  district.  The  principal  gangue  minerals 
are  quartz  (xvith  adularia  ?)  and  calcito,  tho 
quartz  replacing  the  cnlcite,  where  both  are 
found  together.  Quartz  is  in  places  tho  only 
megascopic  gangue  mineral,  occurring  both  ns 
distinct  ciystals  around  cavities  and  ns  dense 
forms  replacing  the  wall  rock.  The  dense  va- ! 
riety  has  tho  same  appearance  ns  tho  quartz- 
aduJaria  aggregates  in  the  Murysvalo  veins,  but 
no  adularia  was  detected  in  the  powdered 
Fortuna  material. 

The  ore  minerals  reeognizcxl  arc  liraoiiito  (tho 
oxidation  product  of  pyrite)  and  native  gold, 
which  may  be  recovered  by  panning  oxidized 
ore.  The  Kmonito  occurs  in  thickly  scattered 
miTiuto  cubic  grains  (pyrito  pseudomorphs) 


which  are  mostly  in  replaced  porphyry  within 
or  adjacent  to  tlio  veins.  Little  or  none  was 
noted  in  the  wcll-orystallizod  quartz. 

All  tlie  oro  thus  far  found  has  been  o.xidized, 
and  the  most  promising  material  seen  consisted 
largely  of  soft  vein  material  heavily  stained 
with  manganese  and  iron  oxides.  No  assays 
of  tho  oro  were  obtained. 

The  deposits  plainly  belong  to  the  quartz- 
aclularia  t>q)e,  which,  as  a  whole,  varies  greatly 
in  value,  .some  veins  being  productive  and 
othcra  practically  barren.  Development  can 
alone  determine  them  economic  probabilities 
in  u  new  district. 
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SAUNA  CREEK  DISTRICT. 

ByG.  F.  Looghlin. 

The  Snlina  Creek  district  is  in  tho  western 
foothills  of  the  Wasatch  Plateau  east  of  Safina, 
a  town  021  the  Snn  Pete  Volley  brand,  of  the 
Denver  &  Rio  Grande  Railroad.  The.  LeaJ 
Hill,  the  only  mine  for  which  production  has 
been  recorded,  is  on  the  north  side  of  the 
canyon  of  Salina  Creek,  nbont  4  miles  ea.st  of 
Salina.  nfis  mine  produced  lead  oro  and 
concentrotes  from  190S  to  1912. 


SzU^IXA  CHEEK  DISTRICT 

GEOLOGY. 

SKDIMEXTARY  ROCKS. 

The  district  lies  in  a  very  interesting  part, 
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geologically,  of  the  Plateau  pr()vince.  The 
sedimentary  rocks  represented  arc  of  Jurassic, 
Cretaceous,  nnd  early  Tertiary  (Eocene) 


sic.  area  for  6  toiler  and  more.  They  con^,-  t 

i.a,st  2,000  fpf,t  of  tlrab,  green  and*^  ”i 
shaJes,  reddish  k  a  j  and  red 


.  ---  .  .  --.ne)  ngeli'-V^lyfke/N  -.ousfrX^^^^ 

and  are  capped  in  places  by  andesitic  lavas.  I ,  Meen«;n,  Phnorbh,  Phim  r-‘ 

(See  fig.  61.)  curia  th  se 


The  Jurassic  rocks,  acconling  to  Kichard- 
sou,'  form  a  band  about  2  miles’ wide,  e.xtend- 
iug  northeastward  in  ii  range  of  low  barren 
hills  from  Saluia  Creek,  just  eikst  of  the  touni, 
for  11  miles  to  Mayfield.  They  consist  of  a 
considerable  but  undetermined  thickuess  of 

fissile  shales,  generally  dj-ab  in  color  but  locally  I, md  pvnr..,iu  - - 1  ^  uio  east, 

nxJ,  an.1  of  „  inle«.«l.lc.l  '»■««  of  w«tw,„.d  „v„rt“ 

in  Lhio.k--  Hit\  i:..  >m  .  .  ...  1  ue 


Eom„o.  No.r  th“  H  I, ‘I'" 

cliff-fonnmg  sandstones  are  overlain  hv 

bvYh  '”‘d  sandstones  ,uid 

which  caps  tho  hills.  The 
led  and  white  sandstones  carry  the  ores  of  the 
mino.  They  tUcken  somewhat  to  the  List! 


sandstone  a  few  inches  to  several  feet  in  thick-  j  dip  along  vSalliila  t  i  o 

ness.  Lenses  of  gypsum  and  mck  ‘  ^  ^  prcvaihngly  2“-3‘‘  W. 

suit  are  irregularly  interbedded 
thmugliout  the  formuition.  Both 
sides  of  tile  Jurassic  in  this  district 
are  bounded  by  faults  and  abut 
ugiiinst  Eocene  strata. 

Tho  Cretaceous  in  tho  region  is 
represented  by  beds  of  Colorado  and 
Montana  ago.  Only  the  Colorado 
is  exposed  within  tho  district 
proper,  but  the  Jlontana  occupies 
a  large  area  drninccl  by  the  upper 
part  of  Salina  Cieck.  Tho  Colo¬ 
rado  deposits  outcrop  in  tho  bot¬ 
tom  of  the  canyon  of  Saline  Creek 
from  beneath  a  considorablo 

^  «  north¬ 

east  of  bolina.  They  consist  of  thin-bedded  i  eastward. 


Fl<nj»eCl.-f!ct,l„jlo.T«ipaiidsoctkioofr<i«loBaroundSiHua.  AftorG.D.  RictiMdson. 


l>uf  sandstone  ranging  in  color  from  gray 
t  t’t^Pgh  yellow,  purple,  and  red;  some  from 
subordinate  drab,  purple,  and  green  shale 
carr^  Incceraraus  hibiaimr-  a  few  thin  beds 
conglomerate,  containing 
P*bbles  of  quartzite  and  chert;  and  some  cal- 
Strata  rang©  in  hordness 
om  loosely  coherent  sands  to  semiquartzites. 

-  .  heir  western  liniit  they  stand  almost  ver- 1 

It.rjS  bv  nearly  hori-  I 

^md  Eoc  bods.  Tlio  dip  flattens  east- 
at  Rattlesnake  Hill,  1 1  miles  ca.st  of 
>no  Diuic^  It  is  30°-40°  E. 

lliew? i™'?  fS™.  “  "'l5«  “'“"S 

laj^e  or.  ^  ^  ^  '  uras.sic  area,  .uid  cover  a 

e.xu>nduig  eastward  from  tho  Juras- 

I  “  —■ — - — - _ 

■'J.  11.,  Ccdonyoantl  ...at^rln  tho*-.  ,  , 

’Jfetn.p,  0. 


lOXEOUS  ROCKS. 

The  lavas  in  tlic  district  are  e.xpaised  in  two 
mas.scs,  each  4  or  5  miles  long  and  1  to  2  miles 
wide.  One  trending  northeastward  caps  tho 
upturned  Juni-ssic  beds  just  north  of  Salina 
CVeek;  the  other,  trending  southward,  c  aps  tho 
nearly  horizontal  Eocene  beds  directly  to  the 
south.  Both  masses  nro  correlated  with  tho 
extensive  lavas  to  the  soufh  and  arc  assigur-fl 
to  the  Tertiary.  The  fact  that  they  rest  di¬ 
rectly  u[)on  Jurassic  strata  implies  that  the 
Eoceno  had  been  removed  from  this  part  of  tho 
district  before  they  were  erupted.  They  h‘' 
elude  rhyolite  and  andesite  and  nro  somcwhnt 
weathered  but  are  free  from  tho  propylitic 
alteration  that  cheraetcrizes  many  such  rocks 
when  penneuted  by  ore-fortnuig  solutions. 

Idem,  p.  10. 
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OEK  DEPOSITS  OF  rTAPI. 


STRITCTDEE. 

The  faults  of  tho  Sovicr  fault  zone  wliich 
bouod  tho  block  of  Jurassic  beds  tlu’ust  up 
ngauist  the  Eocene  are  luiirked  by  uan'ow 
tributary  canyons  trenduig  about  N.  30“  E. 
Other  faults  of  northeasterly,  northerly,  and 
easterly  trends  have  been  notexl  north  and  cast 
of  the  Lead  Hill  mine.  Their  ridutiniLs  to  the 
Sevier  fault  zone  have  not  been  di'termincd. 

Littlo  i.s  known  of  the  relation  of  these  faults 
to  muieralizntion,  A  veui  3  to  4  feet  thick 
of  cliertliko  rephicemcnt  quartz  was  found  ap¬ 
prox  bnatcl)'^  in  lino  with  the  ciustcm  member  of 
tho  Sevier  foult  zone,  in  Twist  Canyon,  half  a 
mde  or  more  north  of  Snbna  CVeck.  Tho  vein 
sti  ikes  N.  35°  E.,  dips  southeastward,  and  cuts 
a  dense  impure  limestono  bed  of  tho  upper 
member  of  the  Eocene.  The  rock  along  n 
north-south  fault  cast  of  the  Loa<l  Hill  mine  is 
said  to  be  mineralized,  but  no  fissui’es  of  im¬ 
portance  havo  been  found  associated  with  the 
ore  of  the  mine,  which  impregnalo.s  a  calca¬ 
reous  sandstone  bod.  Small  amounts  of  ore 
have  been  found  in  the  vertical  Colorado  (Cre¬ 
taceous)  beds  close  by  the  mine  worldngs,  and 
suggests  that  fis.sures  at  tliis  place  coincide 
with  tho  vertical  bedding. 

OEE  DEPOSITS. 

EKAU  IIILL  MINE. 

The  workings  of  (ho  L<‘ad  Hill  mine,  toUding 
about  SOO  feet  of  drifts  and  inclines,  are  in  a 
basal  bed  of  Eocene  sandstone,  locally  white, 
which,  ns  a  rule,  is  separated  from  the  under¬ 
lying  Colorado  beds  by  a  red  material  that  has 
no  definito  structiu'o  and  suggests  an  old 
residual  soil.  This  material,  however,  is  ab¬ 
sent  thi'ough  much  of  the  mine,  wliich  is  in  an 
old  erosion  chnrmel  on  tho  Jurassic  surface. 
Tho  ore  is  lead-zinc  sulphide  with  littlo  or  no 
silver  and  with  local  streaks  and  bunches  of 
oxidized  copper  ore.  It  is  all  of  milling  grade. 
Small  sliipmonts  of  lead  concentrates  and  cop¬ 
per  concentrates  have  been  made. 

The  mineralized  sandstone  is  mostly  medium 
grained  but  is  conglomeratic  in  places.  Its 
principal  constituents  arc  grains  of  quartz, 
microclino,  plagioclasc,  and  muscovite  and 
fragments  of  caloarooua  sandstone,  .shale,  and 
quartzite,  with  small  amounts  of  giunct,  zucon, 
biotito,  titanite,  and  chlorite.  The  matrbe  is 
ciilcite.  The  ore  and  gangue  minerals,  whicli 


replace  the  calclte  matri.x:  in  lenses  and  streaks 
through  a  vertical  thickucss  of  6  arc 

galena  (accompanied  by  a  littlo  eci-usitt'),  zuic 
blende,  a  little  p^Tite,  chalcocite,  mfJnchilc, 
azurite,  and  celestite  (strontium  sulphate). 
No  chalcopyrite  was  found.  Little  or  re- 
placomeut  of  the  sand  grains  has  taken  place. 

Concentration  is  effected  in  a  5-stanip  mill 
but  is  considerably  hampered  by  the  prc.seuce 
in  largo  amount  of  gangue  minerals  of  rather 
high  Rpecific  gravity.  The  middlings  from  the 
mill  consist  of  much  zinc  blende  (specific  gi’uv- 
ity  3.5  to  4),  a  rather  small  amount  of  galena 
(7..5),  a  little  eeriisito  (6.5),  pjTito  (.5),  chalco- 
citc  (5.7),  and  malachite  (4);  considerable  celes¬ 
tite  (4),  garnet  (4),  cnlcite  (2.7),  quartz  (2.65), 
feldspar  (2.6  to  2.7),  n  little  ziicon  (4.7),  and 
biotito  (2.S).  The  middlings  thus  make  a  zinc 
ore,  which  can  not  be  cleanly  freed  from  gangue, 
although  it  may  bo  better  separated  than  it  is 
from  minerals  with  a  specific  gravity  of  less 
than  3. 

The  heads  consist  of  galena  and  corusito,  con¬ 
siderable  ziiic  blende,  and  minor  amounts  of 
pyrite  aard  the  other  minerals  named  above. 
They  are  said  to  contaLn  38  per  cent  lead.  The 
differences  in  specific  gravity  suggest  that  a 
better  separation  of  the  lead  minerals  from  zinc 
blende  and  ganguo  is  possible. 

The  celestite,  whose  presence  as  a  gangue 
mineral  in  Utah  ore  deposits  is  unique,  is  color¬ 
less  to  white  and  ranges  in  size  from  fine 
uregular  grains  up  to  poikilitie  crystals  2  or  3 
millimeters  long  that  inclose  unaltered  sand 
grains.  It  occuis  with  galena  and  blende,  and 
in  the  average  middlings  it  and  the  zinc  blende 
are  the  most  prominent  minerals.  The  two  are 
so  nearly  equal  in  specific  gravity  thnt  mechani- 
eal  separation  of  them  is  dilfioult.  The  celes- 
titc,  however,  is  also  found  nearly  free  from 
metallic  minerals,  as  shown  in  the  analysis 
below. 


Chi’ndml  annl^stu  oj  cekJitiU  crmivntraUJ,  Lead  mil  tmae, 
.^athia  Creel,  Ulnh. 
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Mineral  compnsllion  > 
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If  considerable  celestite  can  be  found  free 
from  metallic  minerals  it  may  serve  as  a  source 
of  strontium.,  which  is  employed  u'l  one  process 
of  sugar  innnufacturmg,  in  the  mnldiig  of  fii’e- 
works  and  signal  lights,  and  in  several  other 
chemical  industries. 

OEXESIS  OF  THE  ORES. 

The  genesis  of  the  ore  is  uncertam.  The 
mineral  composition  of  tlio  ore  is,  with  the  ex¬ 
ception  of  celestite,  similar  to  that  of  other 
lead-zinc  deposits  low  in  silver,  some  of  which 
are  directly  though  not  closely  associated  with 
intrusive  igr.eous  rocks.  The  failure  of  the  ore 
to  replace  any  other  minerals  than  calcito  is 
also  chnracteristie.  The  mineralized  Bssmes 
suggest  that  some  mineralization  may  have 
been  effected  by  ascending  solutions  from  a 
possible  igneous  soui-ce,  and  tho  slightness  of 
the  mineralization  along  vertical  bedding  planes 
in  Ike  Colorado  formation  further  suggests  that 
locaDy  aolutions  rose  along  these  bedding  planes 
to  the  Eocene  contact  and  then  spread  along 
the  basal  calcareous  sandstone  bed.  On  the 
other  hand,  there  is  nothing  at  present  known 
to  prevent  aceeptunco  of  tho  view  that  the  ore 
was  concentrated  from  the  overlying  strata  by 
a  process  similar  to  that  which  formed  tho  co|>- 
per  deposits  in  the  '‘Red  Beds"  of  the  Plateau 
region.  It  must  bo  admitted,  however,  that 
though  copper  deposits  in  the  "Red  Bod-s”  nro 
abundant,  no  galena-blende  deposits  in  these 
beds  have  previously  been  described. 

According  to  either  view  the  Lead  Hill  de¬ 
posit  is  exceptional.  It  differs,  however,  from 
other  lead-zinc  deposits  of  Ut;tli  only  in  being  in 
sandstones  iitstead  of  in  limestones. 

'  on  Uic  analysb  and  on  inliTosco]iic  sludy. 
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Its  sinularity  to  these  doposiLs  and  tho  absence 
in  the  Plateau  region  of  lead-zinc  deposits  that 
can  be  attributorj  xvith  a  fair  degree  of  cer¬ 
tainty  to  descemiing  waters  favor  tho  conclu¬ 
sion  that  it  wjvs  formed  by  ascending  solutions 
that  had  become  so  cooled  and  perhaps  so 
diluted  by  descending  waters  that  they  had 
already  lost  practically  all  their  silica  and 
precious  metals. 

COYOTE  DISTRICT.’ 

Hy  G.  B.  RicH.\RDi!ON. 
lOCATlON, 

Coyote  Creek,  a  branch  of  tho  East  Fork  of 
Sevier  River,  ocoupies  a  short,  narrow  vjiUey  in 
tho  riorthwc.sternpart  of  GaiTieid  County,  in  the 
midst  of  the  High  Plateaus  of  Utah.  The  min¬ 
ing  camp  is  about  40  miles  by  road  southeast 
of  Marysvalo,  the  terminus  of  tho  San  Peto  & 
Sovior  branch  of  t  he  Rio  Grande  Wostoni  Rail¬ 
way.  Tho  elevation  of  tho  rainos  is  about  7,000 
feet  and  that  of  tho  AwapaPlatoau  to  tho  north 
and  the  Aquarius  Plateau  to  tho  south  and  east 
is  2,000  to  3,000  feet  higher. 

GEOLOGY. 

The  general  geology  of  tlio  region  has  been 
described  by  Dutton.’  Tho  igneous  rocks  con¬ 
sist  of  lava  sheets,  beds  of  tuff  and  volcanic  con¬ 
glomerate,  and  intrusive  inassc.s.  Tliey  cap 
the  highi'st  plateaus  and  overlie  an  eroded  sur¬ 
face  of  Eocene  strata  wliich  outcrop  at  lower 
elevations  around  tho  igneous  uplands.  Be¬ 
neath  the  Torti:iry  rocks  lie  several  thousand 
feet  of  Mesozoic  and  Paleozoic  sediments, 
which  nro  exposed  in  a  series  of  descending 
benches  southward  from  the  High  Plateaus  to 
tho  platform  in  which  Colorado  River  has  cut 
the  Grand  Canyon.  The  igneous  plateaus  aro 
'  traversed  by  a  number  of  normal  faults  of  large 
displacement  which  trend  in  gcueral  north. 
One  of  thoso  faults,  aided  by  erosion,  has  ex¬ 
posed  in  tho  Coyote  Creek  vaUey  a  stnaU  area 
of  Eocene  sediments  iu  which  tho  antimony 

'  Tho  vallev  of  Coyote  Creek  is  occupied  Dy  a 
'  variable  su^ession  of  strata.  At  the  h.vse  of 
the  section  is  150  f<’ct  of  a  gray  congiomeraie 
composed  of  asaudy  matnx^cou taming  rouncleo 
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quiutz  nnd  quaitzite  pebbles  whoso  rau.XLrnura 
(Jiuiuetcr  is  G  iiiches.  This  conglomcrato  is 
ovevlrtin  by  ii  grciit  muss  of  finc-textuix'd  buff 
niul  rcrldlsli  sojidstone  and  .subordinate drab  and 
red  sandy  and  clayey  shale  and  thin-bedded 
limestone,  amoimt.ing  in  oil  to  several  hundred 
feet.  No  fossils  have  been  found  in  these  rocks, 
but  they  arc  provisionally  refciTcd  to  tlie 
Eocene  beenuso  of  Lheii-  lithologic  rcsorablanco 
to  other  Eocena  strata  in  the  Plateau  region, 
'j'jjj.y  jij.g  overlain  by  about  1 ,000  feet  of  andes¬ 
itic  tuff  and  lava,  which  caps  the  sunoiuiding 
plateaus.  Tlie  rocks  arc  approximately  flat, 
liaxung  only  a  genera]  low  northeastward  dijj.  j 
At  the  mouth  of  Coyote  Canyon  a  fault  causes 
the  strata  to  dip  steeply  westward. 

OEE  DEPOSITS. 

The  occurrence  of  antimony  in  southern 
Utah  has  long  been  known— Huntley  says  that 
the  deposits  wero  located  in  May,  1S79.  They 
have  been  worked  at  irregular  intervals  since 
18S0  and  it  i.s  reported  that  mom  than  .SH)0,000 
worth  of  oro  has  been  shipped  from  tho  property 
on  Coyote  Creek,  in  Garfield  Coimty,  which  has 
been  described  by  Blake.* 

The  oro  consists  of  stihnite  and  its  oxidation 
products,  wliich  occur  generally  in  flat-lying 
dci^osits  in  tlio  sandstone  and  conglomerate. 
Tho  chief  zono  of  mineralization  is  adjacent  to 
the  contact  of  the  conglomerate  and  overlying 
sandstone,  the  ore  occurring  most  commoidy 
in  finc-textmxid  argill.iccoas  sandstone  a  few 
feet  above  the  conglomerate.  In  immy  places 
a  bed  of  clay  shalo  about  5  feet  thick  umne- 
diately  undtuhes  the  orc-bcaruig  sandstone, 
and  locally  the  upper  part  of  tho  conglomerate 
is  mineralized.  Tlie  ore  docs  not  occui'  P<n‘- 
sistently  and  unilormly,  though  it  is  present 
mostcommonly  at  this  geiicnU  horizon  on  both 
sides  of  Coyote  Creek. 

In  the  early  days  of  development  attention 
was  given  chiefly  to  tho  Icn-ses  of  oro,  the 
“kidney'’  depo.sits.  Tlie  known  Icruscs  hax^e 
aUbeen  worked  out  but  are  said  to  have  ranged 
from  several  incho-s  Ui  20  locfc  in  thickness. 
Ono  of  them  is  said  to  have  yielded  55  tons  of 
ore.  No  large  bodies  of  stihnite  arc  in  sight 
now,  but  there  is  much  low-gi-ade  oro. 

The  occuiTenco  and  character  of  tlie  deposits 
differ  in  the  different  prospects.  A  common 

«nt.ae.  W.  I-  ,  C.  S.  Cool.  Sim  e?  MlotrAl  IM  #Ik1 
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occuiTcnee  is  in  layer-like  bodies  of  irregnUt 
thiclmcss  but  avernging  onl^'  a  few  inches. 
The  “layers”  am  not  continuous  and  lU’c  only 
Qppro.xiniately  parallol  to  tho  bedding.  Many 
of  them  are  unduiatory  anti  tliicken  and  tliin 
out  irregularly.  In  a  number  of  places  tl\in 
bodies  of  oro  cut  across  the  bedding  ol  tho  sand¬ 
stone  and  connect  tlie  more  nearly  horizontal 
deposits.  The  oro  also  coramouly'^  ocema  dis¬ 
seminated  in  the  sandstone  in  irregular  segre¬ 
gations. 

A  characteristic  fcatum  of  the  antimony 
deposits  of  Coyote  Ch  eek  is  that  the  ore  conasts 
only  of  stibnito  and  its  oxidation  products, 
ganguo  minerals  bcuig  almost  completely  tb- 
sent.  Only  one  exception  was  observed,  at  the 
Emily  claim,  on  the  south  side  of  the  crock, 
whore  in  a  smaU  ga.sh  vein  only  a  low  iriche* 
wide  stibnite  and  pyrite  are  associated  with 
calcite.  A  thin  section  cut  along  the  contact 
of  the  stibnite  with  the  country  i-ock  shows  an 
uneven  junction,  tho  stibnite  extending  very 
irregularly  into  tho  sandstoiui.  Locally  stib- 
I  nitc,  with  weU-defiuccl  cry'stal  faco.s,  penetrates 
and  is  partly  embedded  in  adjacent  quartz 
grains  of  the  sandstone. 

Tho  stibnite  occui-s  in  several  forms.  In  the 
larger  ore  bodic.s  it  commonly'  fonus  aggicgates 
of  prismatic  ciystals  iUTuiiged  radially  or  in 
columnar  mas.scs.  In  one  group  crystab  6 
inches  long  were  observed.  It  also  forma  Lndb- 
critninately  mixed  groups  of  ncicular  crystnb. 
Adjacent  to  the  outcrop  it  is  almost  universnUy 
oxidized,  the  steel-gray  sulphide  giving  place 
to  the  lighter  brown,  ycBow,  and  white  oxida¬ 
tion  products.  W.  T.  Schaller,  of  the  United 
Suites  Geological  Survey,  who  ox.amiaed  a 
number  of  oxidized-ore  specimens,  roporU  that 
they  aro  unhydi'ous  and  easily  fusible  and  that 
they  are  either  vulontinite  or  senarmontite— 
probably  the  fornuu',  as  reported  by  Blake.' 
In  many  places  tho  valentiuito  occurs  in  acic- 
ulnr  crystals  as  a  pscudomorph  after  stibnite. 
Locally  nasocioted  with  the  om  and  forming 
efflorescences  on  the  walls  of  the  country  rock 
are  cpsomite.;  a  hydrous  aluminum  sulphate, 
probably  alimogen;  a  hydrous  ferrous  sulphate; 
and  g^qjsum. 

Small  quantities  of  arsenic  minerals  have 
been  found  in  tho  valley  of  Goyote  Creek  con¬ 
tiguous  to  tho  antimony  deposits,  but  bo  fat 
as  known  not  immediately  a-ssoc-ialed  with 
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them.  On  the  north  side  of  the  creek,  nbout 
too  feet  SouthuHSt  of  the  sliln'ito  prospect 
known  ii9  “  Black  Jnek  No.  2,”  there  is  a  small 
deposit  of  tho  sulphides  of  arsenic  in  shales  of 
Eocene  age.  Konlgar  and  orpiment  in  iiregu- 
lar  senmd  ranj^in'r  in  thickness  from  a  fraction 
of  an  iiK'-h  to  about  6  inches  and  only  a  few 
uicbcs  in  length  occur  in  a  blue-drab  clay 
shaJo.  No  other  vein  minerals  are  present, 
and  the  realgar  and  orpiment,  in  small  cr)'stals, 
are  iiuimately  associated.  Other  similar  small 
deposits  of  arsenic  are  reported  from  the 
vnlley  of  Coyote  Creek. 

The  antimony  ore  is  epigenetic — that  is,  it 
was  formed  sui>scquently  to  tho  deposition  of 
the  rocks  in  which  it  is  found,  anil  its  origin  is 
probably  connected  with  the  ailjacont  igneous 
rocks,  as  suggested  by  Blake.  Tho  antimony 
may  hare  been  derived  from  these  roclcs  either 
during  their  intrusion  through  the  sediments 
or  less  probably  after  their  oruplion  on  the 
surface,  the  stibnite  being  deposited  from  per¬ 
colating  solutions  in  part  filling  existing  spaces 
nnd  in  part  by  metasoniatic  replacement.  The 
bed  of  sliale  which  in  many  places  immediately 
underlies  the  ore  appurontl}"  arrested  the  solu¬ 
tions  and  determined  the  loon!  concentration 
of  the  stibnite.  In  such  places  the  solutions 
were  evidently  not  directly  ascending  but 
were  moving  either  laterally  or  (lo^vnw^^d. 

The  deposits  of  antimony  adjacent  to  Coyote 
Creek  have  been  worked  sporadically  for  tho 
last  27  years.  For  the  most  part  tins  work 
kis  been  limited  to  the  o.xploitation  of  the 
l«l5;e  lenses  ami  little  or  no  systematic  mining 
bus  been  done.  There  has  been  considerable 
?*nspocting,  however,  and  a  score  or  more  of 
Uinneb  have  been  driven  into  the  deposits  at 
'■arions  placets  on  both  sides  of  the  creek. 

In  the  pnst  work  has  been  chiefly  directed 
toward  getting  high-grade  ore  running  between 
^  oud  60  per  cent  of  antimony.  The  “Kid¬ 
ney’’  deposits  wore  exploited,  and  hand-sorted 
w«  was  shipped.  One  attempt  was  made  to 
the  ore  on  the  property  but  proved 
UaUo  to  meet  competition. 

b  difficult  to  estimate  the  amount  of 
‘'Tiilable  antintony.  The  dumps  and  timnds 
^tho  old  prospects  sho%v  a  groat  amount  of 
^•grodo  oro,  and  tho  problem  w  how  to 
it  economically. 
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The  Gold  Sprijigg  distric's 

ballLiiko  Kudroad,  about  10  miles  in  a  direct 
Ime  and  about  ,6  py  g 

and  about  17  miles  from  the  State  line.  The 
districts  are  m  an  irregular  group  of  vcdcanic 
hills— a.  southern  extension  of  the  Smiko  luul 
Cedar  ranges  ^whose  elevation  varies  from 
about  6,000  to  7,000  feet,  with  a  few  points 
n.smg  above  7,000  foot. 


There  are  no  lai^e  streams  in  the  range,  but 
small  streams  and  springs  furnish  water 
throughout  the  year  suitable  for  domestic  piir- 
pos(S  nnd  have  been  utilized  in  the  nictal- 
lurgic  plants  in  tho  treatment  of  the  ores. 


The  mountains  support  a  rather  plentiful 
growth  of  cellar  and  other  scrubby  trees, 
wliich  furnish  an  abundant  fuel  supply  and  arc 
utilized  to  some  extent  for  timber  in  the  mines. 


GEOLOGY. 

IGNEOU.S  ROCKS. 

All  the  rocks  of  tho  districts  are  igneous  and 
all,  so  far  as  determined,  are  exlni-sivo.  They 
may  be  readily  so'parated  into  three  general 
groups— Intite,  rhyolite,  and  rhyolite  tuff — 
each  of  which  would  doubtless  be  subdi\nded 
on  detailed  study. 

Tiie  latite  Is  exposed  in  the  lower  areas  in  the 
vicinity  of  Gold  Springs  and  westward  to  Fay 
and  Deer  Lodge,  Ncv.  Tlie  rock  Ls  eoinraoiilj’^ 
porphyritic,  containing  rather  abundant  plic- 
nociysts  of  plagiocluso  (oligoclasc)  nnd  fewer 
of  orthoclase.  Quartz  phenocrysts  are  com¬ 
monly  absent.  &>nio  dink  mineral,  wliicii  was 
rather  abuiidnnt  in  the  speeijnens  examined, 
has  bt'cn  altered  to  chlorite,  wldch  gives  the 
rock  a  distinct  greenish  color.  Probably  I'oth 
biotite  and  pyroxene,  were  pi-esent.  The  ground- 
mass  is  too  fine  for  determination  of  the  con¬ 
stituent  mmorals,  though  it  is  for  the  most  part 

ciystalliuc. 

'rtiQ  rhyolite  forms  the  lugher  elevations  in 
the  Gold  Springs  district  and  is  tlio  incvaU- 
m*'  rock  to  the  north  m  the  biute  Lino  dis- 
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f  rict.  In  the  Gold  Springs  district  it  is  espe¬ 
cially  well  exposed  on  the  higher  parts  of 
Buck  Mountain  and  Bull  HiU.  TIio  rhyolite 
is  commonly  much  less  massive  than  the  latite 
and  a  thin  platy  structure  is  common.  All  the 
beds  contain  frai^ents  of  tuff  and  many,  es¬ 
pecially  in  the  eastern  part  of  tlie  State  Line 
district,  arc  distinctly  ttiffaceous.  The  rhyo¬ 
lites  are  too  fine  grained  for  their  composition 
to  he  determined  exwpt  by  cheniiciJ  analyses 
and  they  may  prove  to  bo  in  part  quartz  latites. 
The  more  massive  beds  contain  rather  abun¬ 
dant  phenocrysts  of  quartz  and  fewer  of  ortho- 
chisc  and  plagioclose.  The  less  massive  and 
tuffaceous  beds  ore  compo.sed  largely  of  glass. 
The  rliyolites  were  not  traced  from  the  Gold 
Springs  district  to  the  State  Line  district,  but 
tho  similarity  of  the  rock  at  the  two  localities  is 
strong  indication  that  they  are  to  ho  correlated. 

Tho  rliyolitic  tuff  lies  south  of  Deer  Lodge, 
both  north  and  south  of  the  old  Pioche  road,  in 
extensive  fine-grained  w'nito  to  yellowish  beds 
containing  a  few  thin  ol)sidian  flows.  Its  re¬ 
lation  to  the  other  rocks  of  tho  district  was  not 
determined,  hut  it  seems  to  correspond  to  the 
rhyolite  tuff  described  by  Spurr  ’  from  Meadow 
Valley  to  the  southwest.  If  this  suggested  cor¬ 
relation  be  coiTect  tlie  tuff  is  probably  the 
oldest  rock  exposed  in  tho  region. 

STKCCTirifF.. 


llio  area  does  not  appear  to  have  been  af¬ 
fected  by  extensive  folding  or  faulting.  The 
formations  appear  to  bo  essentially  horizontal, 
though  careful  mapping  would  doubtless  show 
considerable  iiTcgularitj'. 

Fissuring  has  been  extensivo  and  ha.s  in¬ 
volved  some  movement,  though  tho,  similarity 
of  tlio  wall  rocks  over  considerable  tliicknesses 
makes  it  difficult  to  determine  its  amount.  In 
the  southern  part  of  tho  area,  about  Gold 
Springs,  Fay,  aud  Deer  Lodge,  nearly  all  the 
lisaures  trend  north.  Farther  north,  in  the 
State  Line  district,  they  trend  raucli  more  ir¬ 
regularly,  some  of  tho  most  conspicuous  trend¬ 
ing  cast.  Most  of  tho  north-south  fissures  dip 
50°  to  70°  E.  in  the  Gold  Springs  district, 
but  farther  west  many  of  them  dip  west.  The 
fissures  are  strong  jmd  the  silicLfication  of  the 
rocks  adjacent  to  them  has  caused  their  posi- 
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lion  to  he  marked  by  promiuent  outcrops 
many  of  wliich  can  bo  followed  for  several  hun¬ 
dred  feet;  tho  great  fissure  about  1 V  miles  weat 
of  Deer  Lodge  can  readily  be  traced  for  2  to  3 
miles  and  with  less  certainty  for  a  considerably 
greater  distance. 

HISTORY  AND  PRODtJCTION. 

Dy  V.  C.  ITsikes. 

EARLY  WORK. 

The  old  stage  load  from  Frisco  to  Pioche 
passes  through  tlie  area,  and  the  prominent 
ledges  that  mark  the  fissures  must  have  been 
seen  by  many  prospectors  and  mining  men 
during  the  early  di^'s.at  Pioche.  These  eariy 
visitors,  however,  do  not  seem  to  have  been 
attracted  by  the  ledges,  probably  because  most 
of  them  were  in  seai-ch  of  lead-sUver  ores,  for 
wliich  limestone  w'as  considered  the  most  fav¬ 
orable  forrantion,  and  also  because  placers  are 
not  associated  with  tho  gold  deposits  of  this 
region  and  no  gohl  was  revoUed  by  the  pan¬ 
ning  of  the  gravels.  It  w'as  not  till  1896,  there¬ 
fore,  that  prospecting  began  in  tho  State  Line 
district  and  was  quickly  extended  over  the 
area,  for  most  of  the  fissures  outcrop  promi¬ 
nently  and  preliminary  prospecting  proved 
relatively  easy. 

For  several  veal's  subsequent  to  the  discovery 
there  was  considerable  activity.  Mills  wore 
built  for  treating  tho  ore  and  there  was  a  con- 
aiderablo  production  of  gold  and  silver.  Many 
of  the  ore  shoots,  however,  decreased  in  size 
and  metal  content  with  increased  depth,  and 
this,  together  with  tho  necessity  of  pumping, 
resulted  in  the  closing  of  most  of  the  mines. 

ST.VTE  I.IXE  DISTRICT. 

The  State  Line  district,  in  Iron  County,  17 
miles  northwest  of  Modena,  on  the  Los  i\jigeles 
&  Salt  Lake  Kailroad,  wos  organized  in  the 
summer  of  1896.  An  amalgamation  mill  built 
by  A.  Popkiss  soon  after  the  opening  of  the 
district  was  sold  in  November,  1898,  to  the 
company  ojierating  tho  Johnny  property  lor 
the  treatment  of  its  low-grade  ore.  Better  oie 
w'ns  shipped  direct  to  smelters.  This  mill 
moved  in  1912  to  the  Big  Fourteen  clauRS* 
where  some  ore  w'as  tested. 

The  Ophu'  mill,  which  w'as  started  in  Novem¬ 
ber,  1901,  treated  150  tons  of  ore  per  day  by 
tho  Rus.scn  ILxiviatiun  process  and  later  by  the 
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cynn'fJ®  P*'Doess.  Neither  proce^’S  wns  success- 1 
fill  and  tho  mill  whs  closed  in  1002.  1 

GOLD  srni.N'os  district. 

'TheCiold  Springs  district  lies  aleng  the  IJtah- 
Xevada  State  lino  iu  Iron  County,  17  miles 
northwest  of  Modeiui,  a  station  on  the  Los 
:Vngeles  &  Salt  Lake  Railroad.  The  Jennie 
property,  the  only  producer  whoso  records  ore 
available,  v.uis  the  muinslay  of  H-o  district 
from  1907  to  1009,  producing  several  thousand  ' 
dollars'  worth  of  gold  and  silver  from  the  ore 
in  a  mill  first  designed  for  amnlganiation  and 
later  widened  to  includo  the  cynnidation 
pnxress  for  the  treatment  of  tailings.  In 
£neness  the  bullion  produced  ranged  from 
0.687  to  0.526  La  silver  and  from  0.274  to  0.JS5 
in  gold.  Between  1907  and  1911  the  district 
iscretlited  with  the  production  of  12,189  tons 
of  ore,  yielding  SIS,  118  in  gold  and  8,441 
ounces  of  silver,  valued  in  all  at  $52,903. 

ORE  DEPOSITS. 
l}y  B.  R.  Butlkh. 

OCCUllRENCE  AND  CHARACTER. 

"nie  ores  occur  in  w'ell-defincd  veins.  In  the 
Gold  Springs  district  they  strike  in  general  north 
and  dip  cast.  From  east  to  west  the  principal 
veins  are  the  Jurnbo,  alnnit  a  mile  east  of  Gold 
Sprmgs;tlie  Independence,  about  ouc-fourth of 
ft  mile  west  of  the  Jumbo;  the  Jennie,  about 
lialf  a  mile  west  of  Gold  Springs;  the  Talisman, 
about  600  feet  west  of  tho  Jenuio;  and  the 
Snowflake,  1,000  to  1,200  feet  west  of  the 
Talisman.  Several  other  veins  do  not  outcrop 
prominently  and  have  been  only  slightly  pros¬ 
pected.  Farther  north  and  west,  near  Fay 
and  Deer  Lodge,  Nev.,  are  other  fissures  of  the 
same  general  trend  and  character.  The  most 
extensively  developed  nro  those  on  w'hich  the 
Boiseshoo  and  Iloniestako  mines  aro  located. 
Some  prospecting  has  been  done  on  tho  Iris, 
oa  the  Deer  L-odge,  on  a  prominent  fissure  west 
of  Deer  Lodge,  on  Bull  Hill,  and  elsewhere. 

In  the  Gold  Springs  district  tho  most  pro¬ 
ductive  fissures  havo  been  found  in  the  latitoand 
tba  opinion  seoms  to  prevail  that  they  do  not 
«tend  into  ll»e  rhyolite.  TTiis  is  not  correct, 
^pver,  as  prominent  fissures  near  tho  summit 
of  Bull  Hill  aio  certainly  in  the  rhyolito  and 
gold,  though  they  havo  Ixsen  little 
prospected  and,  so  far  as  knowm,  have  yielded 
®o  prod  uction  •  In  the  seoms  to  ho  tho  more 


avorablc  rook  for  thedeposition  of  ores,  ])„t  this 
IS  by  no  mcaus  demonstrated,  for  in  tho  southern 
part  of  tho  Gold  Springs  district  and  farther 
to  tho  north  in  tho  State  Lino  district  somo  of 
the  best  deposits  havo  been  found  in  tho 
rhyolit<o. 

The  vebis  for  the  most  part  have  formed  as  a 
mhng  of  open  fissures  and  aro  distinctly 
“branded”  or  crustified.  Tho  composition  of 
tho  vein  filling  dhfors  greatly  in-dift’erent  vems 
and  from  place  to  place  iu  individual  voins. 
Quartz,  usually  fino  grained  and  in  many  places 
clialcedonic,  is  probably  the  most  abundant 
mineral.  Many  email  cavities  hi  the  veins 
are  lined  with  well-crystallized  quartz,  and. 
much  of  it  has  re))lnccd  carbouate  and  has  a 
charactoristio  lamellar  or  hackly  structure. 
Next  in  abundance  to  quartz  is  a  carbonato 
that  is  probixbly  largely  calcium  carbonate, 
though  stains  on  its  weathered  surfaces  show 
that  it  contains  somo  iron  and  manganese. 
Tiiis  carbonato  diffei-s  considerably  in  appear¬ 
ance  and  probably  also  in  compositioii  at 
different  localities.  Some  veins  aro  c.oiuposed 
very  largely  of  tliis  mineral,  others  cmitain  it 
abundantly  hi  somo  areas;  and  still  others 
have  a  structure  that  sliowm  that  it  ha-s  boon 
replaced  by  later  minerals. 

Next  to  tho  carbonato  in  abundance  is  the 
vein-forming  feldspar  arlularia,  which,  liko 
tho  quai-tz,  has  commonly  formed  as  a  re¬ 
placement  of  tiio  carbonate.  Wlierc  abundant 
it  gives  a  yellowish  color  to  tho  oro  and  is  sorae- 
timi?3  knoivn  as  “yellow  quartz.”  It  occurs 
in  iveU-formed  crystals  and  also  as  irregular 
masses  that  do  notshovr  definite  crystal  outhne. 
Locally  it  foi-ms  50  per  cent  of  the  vein  filling, 
but  in  most  places  is  much  loss  and  m  many  is 
not  present  at  all. 

Fluorite  is  more  variable  in  occuironco.  It 
was  noted  in  many  of  the  veins  but  usually 
in  snrnU  amount.  It  was  observed  most 
abundantly  in  a  pi-ospoct  near  the  summit  of 
Bull  Hill,  'where  it  was  the  prevailbig  nnncral 
in  piu-ts  of  the  vehn  Most  of  it  is  a  deep  lilac 
color,  though  somo  of  it  is  pulo  green. 

At  the  tune  of  visit  tho  best  opportunity  for 
observing  tho  relation  of  the  difl'erent  mmcrals 
was  where  oro  was  being  extracted. 

With  regard  to  economic  volue,  the  vein 
material  in  the  Jenuio  nmio  can  be  roughly 

separated  bit.  ''-Uto 

contabbg  Uttfo  lalo  a  yoUoa-ril' 
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turo  of  quartz,  carbonuto,  uutl  Jidtilariu,  coni- 
monljr  ik'signatod  as  “yellow  quartz”  and 
containing  the  most  metal;  and  into  the 
coarsely  ci’ystalline  almost  barren  carbonate. 
In  luinitig,  the  curboiiato  and  the  white  quartz 
are  commonly  rojeoted,  Tho  relative  abim- 
dance  of  the  different  minerals  varies  greatly 
from  plaeo  to  pla(«>. 

A  partial  analysis  by  Cliase  Palmer  of  a 
spee.imen  of  '‘good  ore”  from  tho  Jciinio  mine 
gave  the  following  composition: 


Alui!>jsU  of  ti7V from  flit  Jninie  miw. 

SiO, . •1>.C2 

AI,6,(FpA'' .  3.  19 

Cab . . . 23.  53 

NfuO . 37 

K.b .  2.37 

CO . 21.6*1 


99.72 

MintrAl  cOffipDHhlon  us  ailculaletl  from 

Calrilt .  ‘19.20 

Quartz . 32. -16 

Adularia  (ortbcelaso  fudlecule,  13.90;  albite  mole- 

cule,3.1i) .  17.0-1 

E.xcessCOj . 95 


Carbonate  was  evidently  the  curliest  inincral 
(.0  form  and  was  later  purll}'  replaced  by  quartz 
and  adularia.  On  tho  lowest  level  of  the  Jen¬ 
nie  mine  veins  composer!  largely  of  carbonate 
appear  to  cross  the  main  vein  at  a  low  angle 
and  to  be  later  than  tho  quartz-ndularia  veins, 
thus  indicatmg  two  periods  of  carbonate  forma¬ 
tion.  The  o.vposure,  however,  did  not  permit 
the  relative  age  tn  bo  positively  determined, 
and  no  similar  relation  was  obseiwcd  elsewhere. 

METALLIC  .MIXEUALS. 

Near  Gold  Springs  and  Fay  the  vein  matter 
contains  very  little  of  tho  mothllic  minerals. 
A  little  pAaite  is  usually  closely  associated  with 
wall  rock  or  included  fragments  of  the  woll 
rock,  a  few  copper  stains  were  noted,  and  gold 
is  frequent^'  visible.  In  some  microscopic 
sections  a  light-colored  gold,  which  probably 
contains  eonsidorablo  silver,  is  associated  with 
a  dark-gray  metallic  mineral  from  whoso  altera¬ 
tion  it  appeai-s  to  have  been  derived.  The 
alteration  also  yields  a  cloudy  white  material- 
which  is  usually  associated  with  a  little  h3^drous 
iron  oxide.  Suffieieiit  material  was  not  ob¬ 
tained  to  dotermiiio  either  the  original  mineral 
or  tho  cloudy  alteration  product.  It  is  re¬ 
ported  that  rich  oro  from  tho  State  Line  dis¬ 
trict  shows  rather  abundant  tcUuriurQ,  and  it 


sooras  probable  that  tho  gTa_v  mineral  may  bo  a 
tolluride  of  gobi  and  silver. 

In  tlio  White  Horse  claim  west  of  Deer  Lodge 
silver  oro  contams  tho  clilorido  of  silver,  eerar- 
g}Tite,  and  that  mineral  is  probably  in  the 
other  veins  of  tho  district.  Manganese  o.vido 
is  present  in  small  amount  in  most  and  prob¬ 
ably  all  of  tho  veins  of  the  district.  3'ollo\v 
fibrous  mineral  collected  from  the  south  end  ol 
the  Jumbo  ledge  was  dcteniiined  03'  W.  T. 
Schaller  ivs  moh’bdito.  Native  mcreiuy’  is 
reported  from  several  localities  and  was  panned 
from  material  from  tho  Ilomcstukc  rnbes. 
Other  metals  are  reported  from  tho  similar 
veins  in  tho  State  Line  district  and  from  eost  of 
Modena  and  nro  possibl3'  present  in  tho  veins 
of  the  Gold  Springs  district. 

In  gold  and  silver  content  the  ores  range 
from  th')so  in  which  the  value  of  the  two 
metals  is  approximatol}'^  equal  to  those  in  which 
tho  value  of  the  silver  is  much  the  greater. 

ALTERATIOX. 

Most  of  the  wall  rock  adjacent  to  tho  veins 
has  been  rather  highly  altcrcwl.  This  has  com¬ 
monly  resulted  in  a  distinct  hardening  that  has 
rendered  it  more  resist  ant  to  weathering  und 
erosion  than  the  surrounding  rock  and  has 
caused  the  veins  t-o  outcrop  as  distinct  ridges 
or  ledges,  man3'  of  which  stand  several  feet 
above  the  general  level. 

Minoralogically,  tho  change  in  tho  rock 
shoVi's  considerable  differences.  The  most  char¬ 
acteristic  change  is  to  quartz  and  orthoclaso 
containing  variable  amounts  of  p3Titc.  Whore 
alteration  ha.s  been  less  intense  the  dork  sili- 
C4ite3  have  boon  chloritizcd,  rather  abundant 
carbonate  has  developed  through  the  feldspars 
and  the  groundmass,  and  somo  pyriio  ha.s 
formed.  In  still  other  places,  probably  whero 
tho  altering  conditions  have  been  unusually 
intense  (especiall3'  at  the  south  end  of  iho 
Jumbo  vein)  tho  rock  has  been  rather  highly 
sericitized.  Kaoliuite  is  present  in  many 
places,  having  apparently  resulted  from  the 
action  of  surface;  waters  on  the  rather  highl}' 
pyTitized  wall  rock. 

The  altered  wall  rock  commonly  contains  but 
little  gold  and  silver,  and  such  as  is  present  is 
probabl3'  contained  in  small  voLnlets  rather 
than  disseminated  tluough  the  rock. 

In  many  places  the  vein  material  is  tightly' 
“frozen”  to  the  walls  of  the  fissures,  but  in 
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some  a  ?«ugo,  tluo  to  movement  siuco  the 
formation  of  the  veins,  lies  along  one  or  both 
walls  and  soparatos  the  vein  material  from  the 
wall  rock. 

ORE  SHOOTS. 

The  veins  uro  not  uniformly  metalliferous, 
(be  oro  occurring  in  distinct  shoots.  In  the 
.Jennie  mine  tho.se  shoots  pitch  distinctly  north, 
but  this  iloos  not  socm  to  he  uniform  through¬ 
out  the  district.  Several  shoots  decrease  in 
size  and  in  metnl  content,  with  increase  of 
depth,  but  this  also  may  not  be  general.  In 
persistency  (he  veins  vary  greatly,  some  show¬ 
ing  little  change  and  others  (Lncludiug  some 
(bat  are  4  feet  wido  and  arc  traceable  for 
several  hundred  feot  along  the  strike),  breaking 
op  at  ii  depth  of  not  more  than  100  feet  into 
small  stringers  of  quartz  in  a  zone  of  liighij' 
dtered  rock.  The  stringers  may  reunite  at 
greater  depth  into  a  definite  vein  and  they  nun' 
not.  In  prospecting  it  is  far  safer  to  follow 
down  the  ore  shoots  than  to  di'ive  long  and 
expensive  tunnels  to  intersect  them  at  depths 
to  which  they  may  not  extend  as  workable 
deposits.  Much  money  and  effort  have  been 
fruilUissly  expended  in  the  region  in  this 
manner,  and  future  prospectors  should  profit 
by  tha  experience. 

STATE  LDTE  DISTRICT. 

No  active  operations  wore  in  progress  in  the 
State  Line  district  at  tho  time  of  the  wTiter’s 
visit,  and  no  opportunity  was  afforded  for 
c.xaminaticn  of  the  undci'ground  workings  on  l 
the  most  extensively  developed  veins. 

The  veins  are  in  general  similar  to  those  in 
tho  Gold  Springs,  Utah,  and  Fay,  Mev.,  dis¬ 
tricts  to  tho  south  but  aro  much  less  regular. 
North-trending  veins  predominate,  but  some 
of  tho  most  productive  trend  oast.  The  north- 
south  veins  dip  prevailingly  west  at  rather 
stoop  angles,  and  the  east-west  veins  dip  north. 
Carbenato  is  apparently  much  less  plentiful  and 
Pyritc  much  more  plentiful  than  in  the  veins  ' 
farther  south.  MTierc  tho  fissures  have  tra- 
^orsocl  tuffaccous  and  brocciatod  areas  the 
«ltcratiou  of  the  wall  rock  has  extended  for  a 
long  distance,  producing,  especially  in  the 
and  northern  parts  of  the  district,  large 
of  I’Gsist'flnt  rock  tliQ.t  form  vor^  irrc^^ulflr 
wid  rugged  outcrops, 

in  the  districts  to  the  south,  the  relative 
*®ount  of  gold  and  silver  differs  greatly  in 


different  deposits.  In  the  Ophir  miiio  for 
mstance,  the  vaK.e  of  the  ore  is  almo.st  entirX 
m  si  voi  and  m  the  Johnny  mine  the  value  of 
the  gold  IS  consiclcrubly  greater  than  that  of 
dom^'  weight  silver  cormiderubly  pre- 


Exploration  h,  tho  Opliir  mine  is  said  to 
have  been  carried  to  a  depth  of  about  500  feet 
and  ni  the  Johnny  mine  to  about  .300  foot,  at 
which  level  water  in  considerable  amount  was 
encountered.  Numerous  other  deposits  in  the 
dLstrict.s  have  been  prospected  and  some  have 
produced  gold  and  silver. 

The  genesis  of  this  type  of  ores  and  theu* 
dwtribution  in  the  State  aro  discussed  on  page 
179  and  need  not  he  considered  hero. 

The  ores  occur  along  a  north-south  fructuro 
zone  several  miles  in  length,  whicli  may  hove 
been  a  zone  of  weakness  along  which  the  lavas 
rose  and  poured  out  over  the  surface.  Later 


recun'ent  movemeuts  along  tho  zone  produced 
fis.stires  through  which  solutions  resulting  from 
the  diffci'en tint  ion  of  deep-seated  magmas  rose 
and  deposited  tho  vein  material  and  altered  the 


roclcs  adjacent  to  the  veins. 


.MODEXA  .VREA. 

Some  little,  prospecting  has  been  done  near 
Modena  on  vein.s  in  rhyolite  that  are  in  general 
character  similar  to  those  farther  liorth.  They 
contain  abundant  carlionatc  which  apparently 
is  higher  in  iron  and  manganese  than  that  to 
the  north,  as  tho  oxidized  ores  contain  tlicso 
metals  in  relative  ahundanco  and  they  are  said 
to  carry  some  gold  and  sih  er.  Tliero  has  been 
little  if  any  production  from  them. 


ESCAl-EXTE  DISTRICT. 


The  Escalente  district  ia  among  the.  low  roll¬ 
ing  hills  about.  12  miles  oast  of  Modonn.  The 
rocks  of  the  district,  which  consist  of  latites  and 
rhyolites  with  tuffs  and  breccias,  belong  to  tho 
some  scries  as  those  of  the  Gold  Springs-Stato 


le  districts  to  the  northwest.  They  are  <^ut 
numerous  fissures,  whoso  prevailing  strike  is 
•th  to  northeast,  though  one  very  prorament 
ure  zone  strikes  east.  The  rocks  adjacent 
the  fissures  have  been  hardened  and  they 
omonly  outcrop  prominently,  the  great  eost- 
jt  fissure  forming  a  conspicuous  ridge. 

Hie  only  fissure  that  h^s  been  extensively 
epected  (the  one  worked  by  t'ue  Escaleu^ 
ling  Co.)  is  4  to  10  feet  wide,  strikes  north- 
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east,  and  dips  steepl}'  southeast .  Outcrops  can  | 
he  traced  for  H  to  2  miles  but  may  represent 
several  fissures  with  tlie  same  general  strike. 
Wliere  exposed  in  the  EscBlcnto  mines,  the 
walls  of  the  fissm-e  are  smooth  and  well  defined. 

The  veins  are  of  tlie  same  general  typo  os 
those  to  the  northwest  hut  show  cerhiin  dif¬ 
ferences,  the  most  pronounced  being  a  smaller 
nmoimt  of  carbonato  and  a  greater  abundance 
of  base  metals.  In  the  specimens  examined 
microscopically  fluorito  is  abundant.  Carbon¬ 
ate.  was  deposited  in  two  distinct  periods;  that 
formed  earlier  has  been  partly  replaced  hy 
quartz  and  adularia  and  that  formed  later  was 
tlie  last  mineral  depi>sited,  occurring  as  a  par¬ 
tial  filling  of  cavities  along  the  center  of  crusti- 
(ied  veins.  The  cnlcito  of  the  later  period  may 
hnvo  been  deposited  by  desconding  solutions 
aud  not  hnvo  been  directly  conncxrtod  with  the 
primary  deposition  of  the  ore. 

The  Esculcnto  vein  is  rather  open  and  porous 
and  bad  been  o.xidi/.ed  to  tho  depth  of  the  de¬ 
velopment  at  tho  time  of  visit  (about  1.50  feet). 
The  metals  so  far  ns  olwerved  are  all  secondary, 
mo-st  of  them  occurring  ns  incrustations  ou  the 
cavities  in  the  veins.  Oxides  of  iron  and  man¬ 
ganese  arc  most  abundant.  Yellow  and  green 
incntstatioris,  which  are  also  abundant,  were 
submitted  for  determination  to  IV.  T.  Sc-haller, 
who  reported  ns  follows; 

The  abundaDt  yelloa-  coating  or  slain  i.i  deacloisiile,  a 
Icad-r.ino  vanadate. 

The  grccni.'-h  hexagonal  crj'atal.s  are  pyromorpbite,  the 
chlorophosphatc  of  load. 

The  green  coating  is  nickc".  artenate,  probably  aanaber- 
gile. 

Tho  green  crj'stals  arc  arsenate  of  copper  and  inangitnose 
with  ft  little  calcium  aud  uranium  (?)  and  a  trace  of 
vanadium. 

'Hto  form  of  the  silver  iti  the  vein  was  not 
determined,  but  in  the  oxidized  zone  it  is 
probably  tho  chloride.  Assays  showing  a 
mther  high  silver  content  have  been  obtained 
from  the  prospect,  but  the  average  of  the  vein 
is  ratlier  low,  though  no  definite  figures  are 
uvailable. 

A  little  prospecting  at  oiio  point  on  the 
vein,  or  ou  a  parallel  vein,  disclosed  rather 
abundant  manganese,  which  is  said  to  contain 
some  silver. 
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IRON  SPRINGS  DISTRICT. 

INTRODUCTION. 

Tho  greater  part  of  tho  following  description 
of  the  Iron  Springs  district  is  abstracted  from  a 
report  by  C.  K.  Leith  and  E.  C.  Harder.’  The 
writer  (B.  S.  Butler) ,  howe,ver,  visited  the.  north¬ 
ern  end  of  the  district  and  has  made  observa¬ 
tions  in  adjacent  sections  of  tho  State  which 
lead  him  to  suggest  certain  inteqM’etations  that 
differ  from  those  sot  forth  by  Leith  ami  Harder. 

GEOGRAPHY. 

Tho  Iron  Springs  district  lies  between  longi¬ 
tudes  113°  10'  and  113°  26'  30"  and  latitudos 
37°  35'  and  37°  47'  30"  in  Iron  County,  south¬ 
ern  Utah,  about  250  miles  south  of  Salt  Lake 
City.  Lund,  on  the  Ia)s  jVngoles  &  Salt  Loke 
Railroad,  is  22  miles  iiort'nwost  of  tho  district. 

Tho  dislric?t  lies  near  iho  eastern  margin  of 
the  Basin  Range  province  and  includes  sevorel 
basin  ranges  and  hills,  principal  among  which 
are  the  Harmony  Mountains,  Iron  Mountain, 
Antelope  Range,  Granite  Mountain,  'fhe  Three 
Realms,  and  tho  Swett  Hills.  To  the  south  are 
tho  Pine  Valley  Mountains.  Immediately 
west,  north,  and  east  of  the  district  lies  tha 
desert,  beyond  which  on  the  west  and  north  are 
other  basin  ranges,  and  on  the  oast,  12  miles 
away,  is  the  Huiricano  fault  scarp  of  the  High 
[  Plateaus.  On  the  southwest  the  district  is 
continuous,  with  a  scries  of  ranges  and  hills  ex¬ 
tending  west  of  tho  Pino  Valley  Mountains  weD 
into  Nevada.  Tho  elevation  ranges  from  5,300 
to  8,000  feet. 

The  drainago  is  through  small  creeks  that  lose 
themselves  in  the  desert  u  short  distance  from 
the  mountains. 

The  tops  of  tho  Harmony  Mountains  retain 
snow  until  tho  middle  of  summer,  and  conse¬ 
quently  have  an  abundance  of  vegetation,  such 
as  yellow  pine,  fir,  cottonwood,  quaking  nspen, 
and  mountain  mahogany.  The  tops  and  slopes 
of  tho  other  mountains  are  thy  and  are  covered 
with  a  growth  of  scrub  cedar  and  piuon. 

GEOLOGY. 

GENERAL  FEATURES. 

The  dominating  geologic  foutures  of  tlie  dis¬ 
trict  are  throe  large  lac.i-.oliths,  constituting 
tho  Three  Pcolvs,  Graiiito  Mountain,  and  Iron 
Mountain,  wliich  lie  northeast  ami  south- 

■  Theiran  onsol  Uio  IruB  Sprln|>  dUtrlot,  souUifrn  Utah:  U,  S.  anH 
SuTN'oy  Hull.  MS,  moi. 
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west  across  the  district, 

Three  unconforranblo  sedimentary  scries, 
aggr^atiivi^  4,000  feet  in  thickness,  outcrop  in 
successive  rings  aroun«l  these  Inccoliths  and 
dip  outward  usyminctrieally,  very  steeply  at  ^ 
the  contact,  loss  steeply  farther 
away.  Still  farther  from  the  lac¬ 
coliths  nearly  horizontal  lava,  flows 
2,000  feot  thi(^<  lio  on  the  tiltcil 
sedimentaiy  rocks.  These  general 
relations  are  modified  by  faulting. 

sTR.\TioR.\pnY. 

All  the  rock  fonnations  of  the 
district  are  more  or  less  covered 
on  the  midtllo  and  lower  slopes 
by  unconsoliilalod  and  partly  con¬ 
solidated  erosion  dfibria,  both  aque¬ 
ous  and  subaerial,  which  spreads 
out  on  the  lower  ground  to  make 
the  deserts.  The  detailed  succes¬ 
sion  is  shown  in  figure  62. 

The  laccoliths,*  whoso  upper 
parts  only  are  e.v posed,  consist  of 
andesite  of  remarkably  uniform 
texture  and  composition.  Within 
their  area  are  a  few  veins  of  iron 
ore,  fault  blocks  of  ore,  and  Carbon¬ 
iferous  anti  Cretaceous  seilimonts. 

In  contact  with  the  laccoliths 
for  the  most  part  i.s  Carboniferous 
Emestono,  a  pure,  douse,  blue  lime¬ 
stone,  with  a  few  feet  of  sandy  ma¬ 
terial  appearing  locally  at  the  base. 

The  contacts  are  at  most  locali¬ 
ties  nearly  vertical,  this  being  due 
partly  to  faulting  and  partly  to 
the  fact  that  erosion  has  cut  down 
(dr  enough  to  expose  the  vertical 
lidcs  of  the  laccolitlis.  Locally,  ' 

where  erosion  has  not  cut  so  far,  tho  limestone 
cipa  distinctly  away  from  the  andesite  at  an 
ingle  na  low  os  10®.  The  limestone  is  altered 
it  tho  contact  to  u  maximum  distance  of  1,000 
fact,  as  moasurixl  on  the  erosion  slopes,  by  loss 
M  carbonates,  development  of  anh3'drous  sUi- 
caUs,  and  replacement  by  ore. 

Cretaceous  sediments  outcrop  in  a  zone  ouf- 
oide  of  the  Carboniferous  limestone,  except 
where  locally  they  arc  faulted  down  against  the 
laccolith,  or  where  the  laccolith  has  penetrated 
the  Cretaceous  and  erosion  luis  not  yet  cut 
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sandstone  has  been  indurated  and  nmphibole 
has  developed. 

The  relations  of  the  Cretaceous  sandstone  to 
the  imderlying  Carboniferous  lim^fono  are 
those  of  apparent  conformity,  but  t  o  con  uc 
is  rendered  somewhat  obscure  bj  the  pitacuoo 
of  sh,de  at  tho  base  of  the  Ci-etaccous  sand¬ 
stone.  Tho  lower  portion  may  be  m  part 
Jiirtissic,  but  separation  could  not  o 
Tlie  greatly  vaiyiug  thickness  of  " 

crouf  limeLuemay  be  due  partly  o  erc«^i 
and  partly  to  intrusion  of 
horizons.  If  it  represents  erosion,  it 
conformity.  Notwithstanding  the  conformity 


tTtuI  tbciOArotikrcoUthlobcHlIfMbiui  not  l>«eu  donionxtrHtcd  tiod  tho 
vr^r  to  IncUniid  1o  r^i^d  them  ns  stocks. 
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of  slnicture,  it  is  not  unlikely  thsil  Oicro  muy 
be  u  liiiitus  between  the  two  systems,  for  the 
correlation  of  the  two  is  fairly  well  based,  end 
the  Permian,  Tritissic,  and  some  Jiu’assic  sedi¬ 
ments  are  lacking  between  them. 

The  Eocene  seiies  outcrops  in  a  zone  still 
further  away  from  the  laccoliths.  It  consists 
of  limestone  and  conglomerate,  charncterized 
principally  by  pink  and  hright-red  colois  and 
separated  by  a  basal  conglomerate  from  the 
Cretaceous  sediments  below.  Its  di[)  iiveiaiges 
about  Hie  same  as  that  of  the  Cretaceous,  from 
which  it  is  separated  by  a  marked  erosion  un¬ 
conformity. 

Miocene  lavas  nnd  tuffs  rest  nearly  iiorizoii- 
tnlly  upon  the  eroded  edges  of  the  Eocene  sedi¬ 
ments  nnd  to  a  loss  extent  upon  iho  Cretaceous. 

In  the  northwestern  part  of  the  area,  near 
Antclujio  Springs,  a  Pliocene  or  Pleistocene 
fluviatilo  deposit,  principally  a  conglomerate 
conta'mlng  fragments  of  lavas  of  the  earlier 
andesite  laeeolilh,  and  of  the  sediments,  occu¬ 
pies  an  embayment  in  the  lavas. 

Pleistocene  and  Recent  lake,  stream,  and  out- 
wash  deposits,  consistuig  of  gravels,  sands,  nnd 
clays  derived  b^'  erosion  from  all  of  the  rocks 
of  the  district,  occupy  ncarl}’  linlf  of  the  area  and 
mask  tho  rock  forma  lions  of  (lie  lower  ground. 

STBl'CTtRE. 

Fault  scarps  are  common,  and  streams  or 
canyons  prevailingly  follow  faults  and  joints, 
especially  the  former.  The  larger  and  more 
conspicuous  faidts  trend  prevailingly  north,  but 
others  follow  other  diiections.  At  several 
localities,  cspeciuU}'  near  the  ore  deposits,  the 
faults  tend  to  follow  the  peri[>hcry  of  the  andes¬ 
ite  laccoliths. 

Tho  fault  pianos  arc  vertical,  or  nearly  so. 
The  displacements  range  from  vertical  to  hori¬ 
zontal  but  are  chiofiy  vertical  in  tho  faults 
mapped,  Tho  maximum  vertical  displace¬ 
ment  known  i.s  2,000  feet;  tho  ma.ximum  hori¬ 
zontal  displacement  is  unknown.  Hinge  faults, 
tho  disiilacemeiit  at  one  end  of  which  is  oppo¬ 
site  to  that  at  the  other,  wore  found  locallv  in 
tho  lava  area.  Probably  many  faults  with  a 
displacement  parallel  to  tho  dip  of  the  beds 
havo  not  been  detected.  Allowing  for  u  con¬ 
siderable  luiknown  horizontal  component  of  dis¬ 
placement,  there  remains  a  probable  domuiance 
of  vertical  movement  sufficient  to  indicate  that 
tho  net  result  of  the  faulting  has  been  the  ex¬ 


tension  of  the  area;  in  other  "ords,  the  fsiidts 
are  pi  iniarily  tension  phenomena. 

Conspicuous  in  the  andesite  are  fis.snres,  some 
of  them  filled  with  ore,  which  cui-vc,  taper, 
branch,  and  parallel  themselves  in  such  a 
manner  as  to  suggest  that  (hey  are.  stretch  frac¬ 
tures.  In  the  andesite  area  on  Three  Peaks  a 
conspicuous  parallel  fract.uring  is  spaced  at  in¬ 
tervals  of  a  fraction  of  an  inch  for  several  feet. 
In  the  neighborhood  of  ore  veins  the  fissures 
trend  parallel  to  the  veins. 

Tlie  faults  and  other  fractures  arc  believed 
to  be  due  principally  to  the  successive  e.x- 
tension,  shortening,  and  settling  that  accom¬ 
panied  the  intrusion  and  the  cooling  of  the 
laccoliths,  as  cited  by  Spun-  for  some  of  the 
faults  of  the  Tonopah  district.  Tlie  faults  are 
tension  phciiomciin  and  are  so  numerous  and 
so  intricate  in  their  intei-sections  that  it  is 
easier  to  explain  them  by  somewhat  local 
strains  accompanying  cooling  than  by  strain 
on  the  rocks  of  the  district  us  a  whole.  The 
faults  outlining  (he  periphery  of  tho  andesite 
and  (he  stretch  fraetiues  within  the  andesite 
may  bo  ascribed  definitely  to  this  c.ause.  A 
rough  calculation  of  the  cubic  shrinkage  of  a 
m.sss  of  andesite  the  size  of  the  Iron  Mountain 
laccolith  in  crystalUzmg  from  a  glass  to  andesite 
indicates  a  horizontal  radial  shortening  of 
200  to  500  feet  (according  to  the  depth  as¬ 
sumed  for  the  m:'.ss),  a  large  enough  factor  to 
be  important  in  the  tievelopment  of  fractiu-es. 

So  far  as  the  faulting  was  due  to  the  in- 
I  trusioii  nnd  cooling  of  the  andesite,  it  followed 
the  intnision  closely  and  is  of  'I'crtiaiy  ago. 
Other  faults  cut  tho  lava  flows  and  are  there¬ 
fore  considerabl}’^  later  than  the  laccolith  in¬ 
trusions.  These  faults  are,  from  their  nature, 
probably  ij\  part  due  to  the  cooling  of  the 
lavas. 

Ocrtiihi  of  (he  larger  faults,  especially  those 
trending  xiorth  and  showing  great  extent  and 
continuity  across  both  igneous  and  seduncntaiy 
formations,  ina}-  he  due  to  other  causes  than 
cooling.  They  seem  to  belong  niore  to  the 
order  of  deformation  producuig  ihe  Hurricane 
fault  to  the  east  than  to  the  deformation 
associated  with  locrd  igneous  action.  The 
whole  Iron  Spruigs  district  represents  a  down¬ 
throw  on  the  west  side  of  the  Hurricane  fault. 
The  stresses  have  affected  large  areas.  There 
call  be  little  doubt  that  these  gi’eat  faults  are 
essentially  tensional  in  nature,  hut  the  cjiuse 
of  the  tension  is  not  eJear. 


IRON’  SPRINGS  UiSTRIOT. 


CEOLOOir  lUSTORV. 

Tlie  principnl  events  ui  the  gcolopic  iiiui 
phTsiographic  deA’elopinent  of  iho  district.  Iiha’c 
bewi  in  order  as  folltiws; 

(1)  Deposition  of  f^irbonifernus  limestone, 
lilh  thin  fragmental  base,  on  unknown  basiv 
meat. 

(2)  Nondeposition,  perhaps  erosion,  followed 
br  deposition  of  Cretaceous  and  perlini)s  of 
some  Jurassic  siuidstono  with  layers  of  shale, 
conglomerate,  and  limestone. 

(3)  Erosion,  followed  by  deposition  of  Eocene 
Bmestone  and  conglomerate  in  an  inclosed 
bisiii.  Shallow  water,  strong  currents,  and 
rapid  changes  obtained  through  both  Ci-eta- 
(Sous  and  Tertiary  time. 

(4)  Intrusion,  in  early  Miocene  time,  of 
indcsilc  laccoliths,  principull}’  bito  the  Car- 
bniiiforous  limestone  but  also  into  the  oA’ei-  i 
Ijing  Cretaceous,  accompanied  by  tilting  of  all 
the  formations  uw’ny  from  the  laccoliths, 
Keeply  near  the  laccoliths,  less  steepl3'^  farther 
iwij'.  Metamovphism  of  limestone  and  saiul- 
glone  near  the  contact. 

(5)  Fiasuring  and  faulting  caused  by  cooling 
of  kocoliths. 

(6)  Advent  of  ore-depositing  solutions 
through  Bssures  in  the  andesite,  depositing  iron 
ore  in  the  andesite  fis.sures  and  in  the  acljiicciil 
limestone  and  altering  the  w'ull  rock. 

(7)  Erosion,  exposing  (he  laccoliths  and 
lings  of  sediments  and  ores  arotnid  them. 

(8)  Extrusion  of  late  Miocene  lavas  over  the 
mtire  area,  except  possibly  some  of  the  higher 
leaks  of  the  ex-posed  laccoliths,  effecting  a 
Bcoadajy  concent  ration  of  the  ores  and  further 
Jt«rijig  the  underlying  rocks. 

(9)  Purthei'  faulting. 

(10)  Vigorous  erosion,  i-eexhuming  the  andes- 
it«  cores  and  developjjig  the  Pleistocene  con- 
^merato  and  the  Pleistocene  and  Recent 
noiitie  of  stream,  hike,  and  other  alluvial 
feposila. 

Several  of  the  intrusive  bodies  in  central 
mil  southern  Utah,  and  particularly  in  the 
Tintic,  Frisco,  and  Marysvalo  regions,  where  j 
both  the  extrusive  and  iuti-usive  rocks  are  vciw  I 
fimilar  to  those  at  Iron  Spruigs,  are  knowm  to 
be  l&tcr  than  tlie  associated  c.xtrusivc  rocks; 
tad  from  observations  in  the  northern  part  of 
Iho  district  and  from  a  studj'  of  the  map 
tccompanying  Leith  aud  Harder’s  roixirt,  the 
niter  suggests  that  In  the  Iron  Springs  dis¬ 
trict  also  the  extrusive  rocks  are  perhaps 
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earlier  th.'iii  the  intnisive.  His  rca-sons  are  ns 
follows ; 

Tlic  extrusive  rocks  through  nearly  their 
entire  extent  rest  upon  the  Tertiary  sedimenU. 
At  a  few-  localities  they  are  represcnttal  on  the 
ma]>  us  in  contact  with  Cretaceous  rocks,  but 
nowhere  are  they  in  contact  with  the  Carbonif. 
erous  sediments  or  with  the  intrusive  rocks. 
If  they  had  flowed  over  a  mature  erosion  sur¬ 
face  in  which  all  these  roclcs  were  exposed, 
one  w'ould  expect  t:iat  somewhere  they  woiJd 
be  in  coutiu  t  with  the  earlier  rocks,  especiallv 
because  the  lavas  arc  nearly  as  resistant  te 
w-oathcring  and  erosion  as  the  intrusive  rocks 
and  arc  far  more  resistant  timii  the  sedi- 
mentiirv  rocks.  In  general  also  they  dip  away 
from  the  intnisive  bodies  as  inucli  as  w'ould  be 
expected  exmsidering  tliclr  distance  from  them. 

The  lavas  may  have  been  poured  out  on  a 
surface  of  Tertiar3'-  rocks  (with  pcvs.sibl3’  some 
exjjosuros  of  Cretaceous  rocks)  which  was  siib- 
sequenth'  lifted  h\’  the  igneous  intrusive  into 
a  broad  anticline  with  subsiiliaiy  domes'  at 
points  where  tlio  intrusive  was  greatest.  This 
antiolino,  rising  above  the  general  elevation, 
W'as  vigorously  attacked  by  erosion.,  which 
evcntuallv  removed  all  the  rocl\s  above  the 
intrusive  body  and  left  the  several  formations 
outcropping  about  it  in  concentric  bands  re¬ 
gardless  of  their  degree  of  resistaiiee  to  erosion. 

Leith  anil  Harder  designate  threa  principal 
periods  in  the  development  of  the  topography: 
(1)  Intrusion  of  laccoliths  in  early  Miocene 
Lime,  follow'ed  by  faulting  and  erosion  exposing 
the  laccoliths  and  suiTouiuling  belts  of  sedi¬ 
ments  and  developing  in  the  laccolith  cores 
a  rcature  ty^ie  of  topography;  (2)  cxtiiusion  of 
late  Miottenc  lavas,  followed  bv  faulting  an<l 
b3'  crosionul  c.xhumatiou  of  the  laccobth  cores 
and  surrounding  .sediments,  so  far  as  the3’ 
had  been  covered  b3'  the  lavas;  and  develop¬ 
ment  of  a  mature  t3q>o  of  topography  in  the 
lavas  themselves;  (3)  development  of  the  hur¬ 
ricane  fault  to  the  east,  causing  a  slight  re¬ 
newal  of  aetivity,  exliibitcd  in  the  sharp  can- 
3'’on3  tuul  steep  sides  of  some  of  the  lava  hdls. 

They  note  tliat,  accordiug  to  Huiitmgton 
and  Goldthw-ait,  their  earliest  iwriod  is  not 
recognized  hi  the  Toquervillc  district  to  the 
southeast.  If  it  should  prove  that  the  hitru- 
sious  lu  the  Iron  Springs  district  were  later 
than  the  extrusions,  this  earlier  erosion  period 
would  be  eliminated  and  the  sequence  of  events 
in  the  two  districts  avouM  ho  hi  essentia 
harmony. 
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SEDLMESTARY  FORMATIONS. 

CARBONIFERODS  SYSTEM. 
nOMESTAKK  LfMEJn-ON'E. 

D'lJitrihuiion  and  Tb(!  llomestake 

liitiLst-ono  outcrops  in  or  around  the  andesite 
laccolith  areas  in  contact  with  the  anilcsite. 

West  of  tho  Three  Peaks  laccolitli  it  is  ex¬ 
posed  in  a  hand  extending  from  the  northern 
boundary  of  the  distiict  southwestward  for 
about  3  miles  an<l  then  southeastward  to  a 
point  northeast  of  Iron  Springs,  except  for 
about  II  mile,  where  the  Cretaceous  formations 
are  faulted  into  coutael  with  tlio  andesite. 

Northeast  of  tho  Granite  Mountain  laccolith 
a  band  of  llomestake  limestone  is  exposed  for 
about  2  inilc-s.  Botli  ends  of  this  hand  are 
overlapped  by  tho  Pintfl  sandstone,  which  here 
again  comes  in  contact  witli  the  andesite.  At 
tho  De.sort  Mound,  southwest  of  Gnmito  Moun¬ 
tain,  the  Homestake  limestoiio  again  appears. 
It  is  cut  off  by  a  fault  on  the  west  iiiid  disap¬ 
pears  uniler  the  lake  and  stream  deposits  on 
the  east. 

The  Iron  Mountain  laccolith  is  bordered  by 
the  Ilomesluko  limestone  on  its  northeast,  east, 
south,  and  southwest  sides,  with  a  few  intciTup- 
tious  duo  to  faulting  or  coveruig  by  surface 
deposits.  Southwest  of  the  laccolith  the  oub- 
crop  of  the  limestone  is  rather  wide,  owing  to 
tho  fact  that  the  surface  of  the  supporting  lac¬ 
colith  is  nearly  hurizonlal  here,  ns  shown  by 
tho  tongue  of  andesite  extending  westward 
from  the  main  mass  and  by  the  few  andcsito 
outliers  in  the  Homestake  limestone.  On  the 
M'cst  and  north  sides  of  the  Iron  Mountain  lac¬ 
colith,  ns  in  Granito  Mountain,  tlio  Homestake 
limestone  is  not  exposed,  the  Cretaceous  sand¬ 
stones  liippbig  against  tho  laccolith. 

A  patch  of  Homestake  limestone  Is  present 
in  tho  Comstock  iron  deposit  in  the  Cretaceous 
area  southwest  of  tlie  Homestake  mine;  others 
ai-o  scattered  iiTcgidarly  within  tho  area  of  the 
Iron  Moniilaui  laccolith. 

The  Homestake  limestone  is  n  dark  bluish- 
gi'ay  limestone  of  dense  texture,  with  uniform 
chnracloristics  thi'oughout  its  entire  extent, 
except  near  tho  laccolith  contact.  Under  the 
microscope  it  appeal's  to  be  made  up  of  ex¬ 
ceedingly  minute  grains  of  calcitc  with  sent- 
tenM  gi'uhis  of  pyritc,  magnetite,  and  chert. 

Tlio  iicdiiing  of  the  Homestake  limestone  is 
verj'  indefinite,  and  is  easily  confused  with  sec¬ 
ondary  fracturing.  Where  well  delined  the 
limestone  is  gcucnilly  thui  bedded. 


Many  of  the  altered  contact  phases  of  lime¬ 
stone  arc  hard  to  disiingui.sh  from  a  much- 
fractured  quartzite  or  claj'oy  sandstone  which 
i.s  locaUv  exposed  below  the  limestone  and  con- 
stilutes  a  part  of  the  same  formation.  The 
sandstone  lies  between  the  ore  deposits  and 
tho  andesite,  or  between  the  ore  and  the  lime¬ 
stone.  It  is  conspicuous  also  in  the  limestone 
patches  faulted  into  tho  andesite. 

The  thickness  of  tlic  Homestake  limestone, 
os  shovni  by  o.xposures,  ranges  from  50  to  500 
foot.  The  avorago  thiclaiess  has  been  taken 
to  l>c.  about  200  feet.  Tho  variation  is  prob¬ 
ably  due  to  intrusion  of  laccoliths  at  din'erent 
horizons.  If  tho  inti-usion  has  followed  the 
base,  the  variation  in  thickness  may  indicate 
uuconfomity  \vith  the  overlying  Pinto  sand¬ 
stone. 

CmUad,  rmiainorpliis-in. — The  limt*stonc  ad¬ 
jacent  to  the  andesite  has  been  locally  replaced 
by  iron  ore  and  has  been  generally  vitrified, 
silicaLed,  and  kaolinized  in  a  band  usually  not 
more  than  60  feet  wide  along  the  erosion  sur¬ 
face  but  locally  a  few  buiidred  yards  wide 
where  tho  erosion  surface  is  nearly  parallel  to 
the  limestone-andesite  contact.  Locally  either 
or  both  contact  phases  arc  absent. 

The  altered  limestone  is  a  grajnsh,  yellow, 
or  greenish,  finc-gnriued,  argillaceous-looking 
rock.  Near  the  contact  it  is  soft,  and  farther 
away  it  is  hard  and  fractured  into  small  irreg¬ 
ular  blocks.  The  principal  minerals  ai-e  nlbite, 
knohn,  actmolite,  diopsidc,  quartz,  orthoclase, 
serpentine,  phlogopite,  andradite,  iron  ores, 
osteoUte,  antlulusite,  woUastonito,  and  calcite, 
rarjung  greatly  in  proportion  in  different 
places  but  usually  occuiTing  in  quantity  ui  the 
order  named.  They  are  found  in  veins,  in 
breccias,  and  disseminated  through  tho  rock. 
In  addition,  there  are  local  residues  of  a  ghrs-sy 

bliSC. 

Another  phase  is  coamely  crystallized 
limonito-stainod  marble,  hr  some  places  foimd 
hr  a  narrow  belt  between  the  andesite  ami  the 
normal  srUcated  contact  phase  and  elsewhere 
outside  of  the  normal  phase  or  associated  wnth 
the  ore.  It  is  thought  possible  that  thislimo- 
nitie.  marble  is  a  later  matei'ial,  filling  open- 
uigs  along  the  contact  left  by  the  coohng  and 
ci^'sfalUzation  of  the  intrusive  and  intruded 
masses. 

Analysts  of  various  phases  of  the  Homestake 
limestone  are  given  on  page  171. 
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As  &  result  of  consideration  and  calculation 
of  Iho  analyses,  Leith  and  Harder  arrive  at  the 
foDowing  general  conclusions  concerning  the 
changes  that  have  taken  place ; 

It  ii  ooncladed  that  in  general  there  has  boon  large  loss 
olawterkl  from  Ibc  limestones  nt  the  contact  w-ithoiil.  ro:i- 
ipicuoiM  introduction  of  new  maUM’ial  except  st'iia,  bin 
that  cxeeptionnl  phases  show  clearly  the  iiuiwluction  of 
liliiaAiMl  iron.  Both  normal  and  exceptional  pluifos  o; 
tho  contact  rocks  are  cut  hy  later  veins  of  calcito  art!  iron 
«»,  with  asaocijLted  minerals  similar  to  those  of  the  lixne- 
s<nt  contact. 

A  considemtion  of  the  density  and  volume 
rhuigcs  leads  the  authors  to  the  conclusion  that 
there  haa  been  .a  jironouiiccd  shrinkage  of  the 
finest  one  during  metamorphLsm.  They  sum 
it  up  u  follows : 

If  th«  principal  chemical  chaiigo  in  the  development  of 
ihecoutortphaiiebasconMuit^Kl  in  the  eluaiualion  of  calcite 
>:jdtoa  leas  extent  of  niugnesia,  iron,  and  potasso,  leaving 
damiaa  and  mlica  suhstantially  unchangcxl  iu  their 
ailkw,  tfauhas  involved  a  verx’’  conaiikirable  loss  of  weight, 
ifld,  u  the  densities  cf  the  fresh  and  altered  rocks  differ 
nlUlla,  the  k>u  In  volume  also  has  been  large.  Kemp,' 
Luiilgreo,'  and  otbera  have  ciUtd  lack  of  structural  evi- 
dcore  of  diminution  in  volume  at  limestone  con l.xcls  as 
bv»rmg  the  v  iew  that  materials  must  have  been  introduccrl 
fiwi  without  to  take  *he  place  of  the  calcium  ciohonaU;. 
K«Bp  *  in  a  review  of  B  ullc !  in  338,  dissen  fs  from  t  h  e  coni’l  u- 
maj  rooceming  the  additions  during  metainorphism ; 
Lndgren'expresHesasiuiilaropinion.  In  the  Iron  Springs 
fuliict  the  field  evidence  does  not  positively  prove  or 
duprovc  important  volume  change,  but  there  is  no  appar- 
ntfield  e>*ideace  to  contradict  the  evidence  for  diuiinu- 
too  of  Volume  hero  calculated.  The  limestone,  though 
tiittd  away  from  the  andesito  lac'coliths,  nowhere  shows 
nideoc*  of  cnimpling  or  crowding  where  the  bedding  can 
Wobaerred.  In  tho  altered  phase  the  bedding  has  been 
fMtroyod,  and  it  in  easy  to  conceive  that  this  structurally 
looiphoua  zone  may  represout  only  a  part  of  tho  volume 
W  the  onginal  txick,  the  calcium  carbonate  having  bcca 
frivtn  til  and  the  other  constituents  concenlraUKl.  The 
(huge  in  volume  of  tho  limestone  would  scarcely  he 
apected  to  aland  out.  conspicuously  in  the  field  relations, 
itf  llbaa  occurrerl,  it  at  all,  in  the  band  which  now  does 
■at ahow  original  textures  or  structures,  by  which  change 
if  volume  can  bo  measured  in  crumpling  or  foldbig.  In 
(♦owml  it  appeara  that  thcro  may  have  been  imjiortant 
.osiinutioQ  of  volume,  accoinplisbcd  essentially  by  loss  of 
natcriala  and  not  by  change  of  density  of  minerals. 

Observations  in  tho  northern  ptut  of  the 
field  failed  to  reveal  to  the  wriU'r  evidence  that 
llio  contact  metamorphism  in  tliis  district  is 
essentially  different  from  that  in  other  districts 
of  the  State,  where,  it  is  believed,  additions  of 
magmatic  material  have  been  extensive. 

•  Kwii;i,  ].  F.,  Ore  def-osltii  st  itio  coniocU  o(  biiruiih'a  rocks  and 
Ibmwm  ud  their  sicuUtcnoce  os  re^iuxls  Iho  Eenoial  foroiattoa  u( 
nOK  Emb.  GooIdcu’  ,  vol.  2,  pp.  1-13, 1007. 

•Usttnw,  'Woldoiiuir,  Tbo  copper  doposlU)  o(  iho  CliCor.-Moronci 
Orrl,  .Vrl^  tJ.  S.  Geol.  Survey  Frol.  Paper  •13, 3VS  pp.,  1903. 

•  krmf,  1.  V.i  Eton.  Ccolsgy,  vol.  t,  pp,  7S2,  Tai. 

•  Ulcentdapoaits,  p.  S;o,  Naw  York,  Monruw-BUl  Book  Co.,  1013. 


Jvirodiution  of  ore. — Tlie  introduction  of  ore 
took  place  after  the  development  of  the  silicated 
contact  phase,  as  is  dcnion.strated  by  its  occur¬ 
rence  in  {i.s.sures  that  intersect  this  phase.  Tho 
silicated  contact  phase  is  found  also  along 
parks  of  the  contact  where  ore  is  absent.  Tho 
introduction  of  ore-bearing  solutions  effected 
further  inetamorphisni  of  tho  limestone  of 
approximately  tho  same  sort,  nearly  all  of  the 
rainci-nls  found  at  the  barren  contacts  being 
duplicated  within  and  adjacent  to  the  ore 
itself.  Apatite,  nmphiholc,  liiotitc,  pyrite,  and 
garnet  are  more  ahundant  in  association  with 
tho  orra  than  elsewhere  in  the  contact  phase, 
and  albitc  and  orthoelase  appear  in  the  con¬ 
tact  phiusc  and  not  in  the  ores.  Beyond  this 
it  has  not  been  found  pos.siblo  to.scpnrate  the 
motamorphic  effect  of  the  onvbearLng  solu¬ 
tions,  aside  from  its  deposition  of  ore,  from  tho 
earlier  enntnet  effect  of  the  andesite,  although 
it  is  thought  likely  that  additional  careful 
field  work  might  discover  further  criteria  for 
their  .separation. 

CRETACEOUS  SYSTEM  (PERHAPS  IN  PART  JURASSIC). 


IM.N'TO  9ANDSTOXE. 

The  composition  of  tho  Pinto  sandstone, 
which  oonfoniiably  overlies  the  Homestake 
limestone,  varie.s  somewhat  m  different  parts 
of  tho  disUict.  A  generalized  section  in  the. 
northeastern  part  of  the  district  foUov^. 


GeneraHstd  uctloi',  of  IHuto  sanJttont  in  OnmiU  ifouittntn 


aud  Tl-rm  Pf/ihxnrta$. 


Fwft. 


Sandstone,  velloaTsh  brown  and  gray .  1,000+ 

Conglomerole,  with  intvrlicdcled  nandatone . 20-10 

Sandstone  and  shale,  variegated .  •4O-“0 

Conglomcrafo . S 

Cherty  limestone  breccia .  10-20 

Sandstone,  maroon  aud  spotted .  -10-60 

Shale,  purple  and  green .  30-50 


TERTIARY  SYSTEM  (EOCENE  SERIES). 


CUAKON  LIMESTONE. 

The  Claron  limestone  uuconformably  over¬ 
lies  the  Pm  to  sandstone.  It  consists  mainly 
of  limestone,  tvith  a  few  thin  layers  of  con¬ 
glomerate  and  a  few  heavy  beds  of  sandstone, 
and  of  a  ba-sal  conglomerate  2  to  2o  foot  tliick. 

Adjacent  to  tho  lavas  the  limestone  has  been 
metamorphosed  to  white,  gT'iy»  chert, 

chalcedony,  and  moss  agate  or  jasper  through¬ 
out  a  maximum  tliiclcnoss  of  15  feet.  'lh(5  red 
moss  agates  and  ja-spei-s  arc  colored  with  iron. 
A  white  powderj'  caUiiun  ciwbonate,  appar-- 
cntly  deposited  by  hot  springs,  and  («pccia  j 
abundant  nortli  of  Eightniile  Iblk;  ^  asso- 
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diiti'd  with  TTiiiny  of  these  cryptocrjsfalhrie 
varief  ies  of  quartz  and  with  many  oro  deposits. 

At  Chloride  Canyon  and  elsewhere,  near  tiu* 
contact  with  tlie  lavjis,  the  limestone  contains 
veins  CJiiTying  calcite,  barite,  and  quartz,  and 
snbordiimte  amounts  of  galena,  pyrilc,  ebaleo- 
pyrite,  sulerite,  lin)onitc,  magnetite,  and  cop¬ 
per  carbonates.  Clokl  and  silver  are  reported, 
the  silver  probably  being  containetl  in  the 
galena.  Similar  mineral  veins  ate  found  in 
the  Ilornestahe  limeslonu,  both  associated  with 
and  remote  from  iron-ore  deposits. 

QUATERNARY  SYSTEX. 

I'leistoccno  and  Kecent  eonglomcrales,  sand- 
sUin«*s,  ntui  clays  arc  present  over  imieh  of  the 
lower  ureas  of  the  district. 

IGNEOrs  nocK.s. 

The  igneous  roehs  of  tiic  <listrict  are  both 
intrusive  and  cxtnisive.  Biotito  andesite  lac¬ 
coliths  were  intruded  into  the  Paleozoic  and  to 
a  less  extent  into  the  Mesozoic  rocdt.s  after  the 
deposition  of  the  Tertiary  sediments.  Later  a 
bedded  series  1,000  to  2,000  feet  in  Ihicknc'ss, 
consisting  of  rhyolitic,  trachytie,  and  andesitic 
flows,  tuffs,  and  breccia.®,  was  extinded. 


Tliree  fVaks,  the  Gninlte  Mountain,  and  tbe 
Iron  ^^o^ul tain— and  also  tho  core  of  a  fourth, 
Stoddard  Mountaiu,  which  lie's  nmudy  south- 
we.st  of  the  area  mapped.  Tho  size  tiud  fonn 
of  the  laccolitliie.  bodies  can  be  best  understood 
by  reference  to  figure  6.3. 

ft  is  e.stimntetl  that  at  the  time  of  intrusion 
the  laecolitlis  wore  eoveroil  by  approximately 
4, .100  feet  of  sedimentary  roek.s.  According  to 
<'alculations  made  by  Gilbert  for  the  lleury 
Mountains,  Inceoliths  of  tbe  size  of  tho  Iron 
Springs  hotiics  would  require  a  minimum  cov¬ 
ering  of  7,000  feet.  Leith  and  Harder  at¬ 
tribute  the  gi'oater  efTicieucy  of  the  Iron  Springs 
covering  to  gi'cater  strength  and  resistance  in 
the  overlying  sediments,  notably  the  Home- 
stake  limestone.  It  may  be  noted,  however, 
that  if  the  1,000  to  2,000  feet  of  o.vtrusivc 
rocks  now  exposed,  and  probably  a  eonsider- 
ablo  thickness  that  has  been  removed,  are  older 
uistead  of  younger  than  the  intrusive  rocks, 
their  tlucknoss  added  to  that  of  sedimentary 
rocksw’ould  satisfyGdbert’s  calculations.  I  low- 
cver,  it  seems  likely  that  these  bodies  are  stocks 
rather  than  laccoliths. 


!*■««««  i  ,0.*  i  C-* 


\ 'O- 

f*  <  +  »>>.,  V', 

’.-A*- 


*  »v»v  .v,V^i2,;,V'c’.V*VAT-" -  -  * 


SAndflo*! 

Lin4e»i9.n 


FlOUite  at.— IJiial  cnai  »k;'1uo  tbruu^li  Itm  Iron  UminUia  liMKollDi,  slioulni; 
Klnictuna  ri'lailoDi  nf  or*. 


Tlic  lavas  rest  on  the  eroded  and  uptimied  | 
edges  of  the  Eocmio  and  Cretneeous  sediments, 
indieatuig  tliat  a  connulcrablo  period  of  (>rosion  | 
intervened  U’tween  the  intmsiun  of  the  biotite  ! 
andt'sitc  and  tho  outpouring  of  the  extrusive  ' 
roek.s.  They  huvo  been  correlated  with  the' 
Miocene  lavas  of  toe  Wasatch  Mountains,  and 
hence  the  andesite  intrusion  is  post-Eocenc  and 
probably  early  Miocene. 

Quaf  enniry  basalts  smround  the  Lon  Springs 
district  l)ut  do  not  occur  within  it.  ° 

LACCOLITHS  (EARLY  MIOCENE). 

DISrRlBUTlOX  A\0  STlUftTUUe. 

TIio  laccoliths  fonn  tho  cores  of  the  tlirce  I 
prmcipiil  moimtain  gioups  of  the  district— tho  1 


rrrnooR.vPHY. 

The  infrusive  undesito  *  is  the  rock 
with  which  the  iron-ore  (lepo.sits  are 
assooiatexl.  Deposits  are  found  on 
the  bordei's  of  all  tho  andesite  areas 
except  Stoildard  Mountain  (outside 
tho  Iron  Springs  district),  where  its 
absence  is  jirobably  due  to  the  ab¬ 
sence  of  limestone. 

The  rock  is  a  light-gray  biotite  an¬ 
desite  with porphyritic  texture.  The 
phcnocrysts,  emisisting  of  feldspar, 
biotito,  honibleinie,  and  diopsideare 
numerou.s,  occupying  more  than  half 
of  tho  rock  mass  and  reaching  a  ma.xiraiim  diani- 
oter  of  ail  eighth  of  an  inch.  The  most  abundant 
l>henocry'sts  are  plagioclnso  (labnadorite),  but 
some  of  ortliocl.nse  arc  pri'sent.  A  large  number 
of  feldspars  show  zonal  growth.  They  are  eom- 
piiru.tivel3'  fresh,  showing  alteration  only  along 
eracks,  along  lines  of  zonal  growth,  and  on  the 
sui-facc.  The  alteration  products  are  cnleite, 
kaolin,  quartz,  and  scrieife,  typical  kataraor- 
pliic  products.  The  next  most  abundant  phen- 
ociyst  is  biotite,  in  aliiiiv  black  hexagonal 
plates?,  in  many  places  altcrci!  to  iihlogopitewitli 
agolden  luster  and  with  reaction  rims  of  magnet- 

*  To  rui4:A  of  this  iroii^'rtU  rhiira-'  Icr  lii  othor  tllslrlcU  the  tnmo  of  moazo- 
alio  pori^ii,vr>'  bw  coiriuMnly  Iktii  npiiLwi. 
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He.  In  tbeStoddiird  ^f<>^Illtn.Ln  area  ami  parts 
of  the  of  her  areas  the  biotite  is  almost  entirely 
decomposed  to  ferrite.  In  a  lew  places  it  has 
iltered  to  green  chlorite.  The  biotito  has  abtin- 
daut  inclusion.s,  mainly  apatite,  but  in  places 
quartz,  magnet  it  e,  and  /.irexm.  The  hornblendo 
U  generally  in  dark-green  pris.natic  c.iystals, 
«rifh  inclusions  of  magnet  it  c,  biotite,  and  quartz, 
[.ike  the  biotite  the  hornblende  In  the  andes¬ 
ite  of  ibo  Stoddard  Mountain  area  is  almost 
mtirely  decomposed  to  ferrite.  The  «liopsi(Ie 
i*  light  green  end  Ls  noticeably  »^ssociaterI  with 
■•gnetite,  which  formsinclusions  and  surrounils 
borders.  It  is  generally  more  or  loss  altered 
to  iiralito  along  cracks  and  around  the  border. 
Fragment*  of  nnignetite  are  abundant.  Ferrite 
is  present  as  an  alteration  product  of  the  ferrous 
sflicates. 

The  ground mus.s  is  cloudy  from  alteration 
Vut  seems  to  be  composed  mainly  of  fine  ciys- 
talline  quartz  and  feklspm',  both  orthoclase 
and  plagioclase.  Biotite,  hornblende,  p\T0.\' 
enc,  and  magnetite  are  also  represented,  but 
less  »bundnntl}^ 

The  biotite  andesite  has  t  he  same  texture  and 
mineral  composition  throughout  the  different 
ureas.  The  absence  of  marginal  facies  (us  a 
haic  edge),  dikes,  and  pegmntitic  veins  is 
especially  not  iceable. 

iTETAMonrnraM. 

For  a  few  feet  near  its  contact  with  the  ores 
tke  andesite  has  a  grecnish-yelkw  color  and 
dense  texture,  veiy  similar  to  that  of  the  siii- 
cated  limestone  at  the  andesite  contact.  The 
tiro  ore  with  groat  difficulty  discrinriiiated. 
The  grain  of  the  contact  phase  is  much  finer 
ihan  that  of  the  mam  mass  of  the  andesite. 
The  groundmass  consists  of  finely  crystallino 
feldspar  and  quartz  (principally  feldspar)  and  is 
cloudy  wit  h  dark  cluyey-loolcing  material,  nuicli 
Ilf  which  is  not  recognizable,  but  some  of  which 
is  clearly  muscovite  and  rarely  chlorite.  ITie 
coBtact  between  the  altered  phase  and  the 
fresh  andesite  is  sharp. 

A  comparison  of  the  analyses  of  the  fresh  and 
contact  phases  brings  out  clearly  (he  con- 
rpicnous  intrcKluction  of  soda.  All  other 
constituenta  show  a  possible  loss,  though  fciric 
iron  has  developed  at  ihe  expense  of  ferrous 
iroiL  At  present  specimens  from  liorizons 
sirdy  below  the  influence  of  wenthenng  can 
Bot  be  obtained,  and  the  oxidation  of  the 
fenous  iron  may  really  be  a  superposed 
realhering  effect. 


J  «  iif/rem  and  aOcud  audtniet. 
»•  n.  Ui’l,  I’nl’-wsiirorWbeansIn. 
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5.1.9 

5.22 

3.  .32 
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A.  Sppfunen  10612.  Eresli  andesho  ea^t  of  Graniio 
Mountain.'). 

11.  Spot  imea  46177.  Weathered  andesite  from  Desert 
.'Icund 

C.  Specimen  45433.  .\ltered  andesdfe  near  iian-orecon- 
ia<  t.  from  Blowoul,  south  o(  Iron  Moimtain. 

I).  S.rnie  iiearvr  iron-ore  roulacl. 

K.  Speoimea  16481.  Altered  andesite  near  iron-ore 
i-ou(.''.rt  from  Emma  elalai  on  east  «lope  of  Iron  Mountain. 


Wlieii  the  normal  weathered  andesite  from 
the  sui-face  is  compared  with  the  fresh  andesite 
the  change  is  found  to  be  very  differout  from 
tliat'  along  the  ore  contacts.  .tVlI  con.stitueirts, 
including  soda,  show  a  loss  relative  to  the 
alumina. 

EXTRUSrVi:  rocks  < late  MIOCEX'E). 


The  extrusive  rocl<s  occupy  two  main  areas 
in  the  ilislrict^ — the  Antelope  Range  area  and 
theSwett  Hills,  Eightmilc  Hills,  and  Harmony 
Mountains  urea.  There  are  small  exposures  at 
Upper  Point,  in  the  northeastern  quarter,  and 
northwest  of  Iron  Mountain. 

There  is  a  succession  of  9  flows  in  the  follow¬ 
ing  order: 


Suceexiion  of  lum  flons  iv  Iron  Svnngt 

F<«t. 


9.  Biotitc-hornhieude-pyroxene  andosife . 

8.  Late  l.ulTivreous  rhyoiite  (Antelope  Rani;?). . . 

7.  Biotite  da<-ito . 

6.  Pyroxene  andcaite  agglomerate  and  brereta. . 

5.  Latwl  trachyte . 

4.  Hornblende  andesite  breccia  and  agglomorate 

3.  Later  inwhyte . 

2.  Early  liifl'aoeous  rhyolite . 

1.  Early  lrat.-hyl« . 


. ..  200 
....  400 
...  ;}00 
...  100 
1.50-300 
....  150 
...  GO 
300-400 
.'0-600 


Of  theso  Nos.  I,  2,  5,  aud  7  c.xtond  through¬ 
out  tho  area  aud  for  a  number  of  miles  to  the 
south  and  w'est,  but  the  rest  are  present  otdy 
in  parts  of  the  district.  There  islittle  evidento 
of  erosion  between  tho  succe-ssive  flows,  uidess 
tho  absence  of  certain  beds  in  dilTeront  place's 
may  be  tnkeu  ns  .such.  The  border  of  the  hn  a 
scries  is  tlie  oldest  formation,  and  inside  of  t  us 
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successively  younijci'  flows  outcrop,  the  latest  | 
in  the  center.  JL<oc'ul  faulting  aiul  slioets  of  , 
outwash  deposits  have  s<^mewhat  obscured 
these  relntions  in  places. 

The  Antelope  Jiange  laviia  occupy  a  broad  i 
synclLno  pitching  to  the  northeast,  while  tliose 
of  the  Swett  Hills  and  Harmony  Mouiiinins  , 
have  a  geuernl  eastward  tUp  and  ar«i  not  folded. 

CaZUlCAL  AHD  MISERAI.  COMPOBITIOS. 

yVnnlyses  hirvc  heon  made  of  the  intrusive 
andesite  and  of  the  four  principal  flows,  namely, 
the  early  trachyte  (1),  early  rhyolite  (2),  latest  | 
trachyte  (5),  and  dacito  (7).  Of  the  rest  of 
tho  Hows,  sorruf,  though  they  have  considerable 
horizontal  distrihution,  are  very  thin,  and  the 
othoi-s  are  local  in  their  distrihution. 

Tho  following  table  shows  an  approximation 
of  tho  fivcrngo  chemical  composition  of  the 
lavas  and  andesite,  obtained  hy  averaging  the 
auul3’ses.  Tho  gcm-ral  sinrilnrity  of  composi¬ 
tion  indicates  that  both  may  have  come  from 
tho  same  rcseiMroiv. 


Averngr  rJiniticul rnnipcsifSon uf  lurc/itUhs  and atrttxU't  roott. 


I.uccoliilis. 

ExJrflsivo 

rocks. 

SiO . 

G-l.  'IG 

GG.  42 

Aljlb . 

13.60 

15.  11 

FcA . 

2. 8-5 

3.  48 

FeO. . 

1.80 

.IM 

Mg<l . 

2.09 

1.31 

CaO . 

4.fi3 

3. 40 

NtaO . 

1.90 

L8«3 

K,0 . 

6.20 

5.9!l 

HjO-l- . 

2.  21 

.95 

P,0. . 

.18 

.19 

BaO . 

.11 

.09 

99.55 

100.09 

aoUKOE. 

The  question  jiaturally  arises  whether  the 
intrusive  and  tho  c-xtimsivo  rocks  came  from 
tliQ  same  reservom.  The  chemical  composi¬ 
tion  of  tho  laccolitliic  rocl'ts  and  of  the  difloront 
Hows  show  small  raugt'.  "With,  very  little  dif¬ 
ferentiation  all  tho  different  phases  niay  have 
originalod  from  tho  same  parent  magma.  It 
is  certahi,  however,  that  the  laccoliths  did  not 
act  as  vents  tlmough  which  the  lavas  were 
outjKJurcd.  Tho  anclc.sito  had  been  iiitimded, 
solidified,  and  eroded  when  tho  lavas  were 
poured  out  o\cr  tho  eroded  edges  of  the  up¬ 
lifted  sediments.  That  tho  lavas  came  to  the 
surface  through  the  laceolitha  after  theu- 
solidification  and  erosion  doi's  not  seem  likely, 
for  tho  andivsilo  areas  show  no  diko.s  or  stocks, 
unless  tho  ore  vehis  ho  sb  called.  Neither  arc 


there  stocks  or  dikes  ekewhero  in  tho  district 
through  which  the  eruptions  might  have  oc¬ 
curred;  hence  wo  are  driven  outside  of  the  area 
for  the  soui-ce  of  the  extrusive  rocks. 

HISTORY  AND  PRODUCTION. 

By  V.  C.  nerKEs. 

Tho  Ii’ou  Springs  district  includes  tw'o  min¬ 
ing  districts--  the  Iron  Springs,  in  the  northern 
part  of  tho  area,  and  tho  Pinto  Iron,  'm  the 
southern  piu’t. 

Jren  Si>rings  district. — ^Thc  Iron  Springs  ilis- 
trict,  in  Iron  County,  22  miles  south-southeast 
of  Lund,  on  the  Los  .iVngclcs  &  Salt  Luike 
Kailroixd,  was  first  organized  m  1871,  and  w'os 
reorganized  on  March  27,  1S79.  About  1856, 
at  CkHlar  City,  8  miles  east  of  Lund,  consider¬ 
able  iron  ore  w'tis  reduced  with  fair  success  in 
on  imperfect  furnace.. 

Pinto  district. — fl'ho  Pinto  iron  district, 
organized  May  26,  1868,  is  in  Iron  County,  a 
few  miles  southwest  of  the  Irou  Spiinga  dis¬ 
trict,  20  miles  w'cst  of  O-'d.a.r  Cit^',  aud  32  miles 
southeast  of  Modena,  the  nearest  station,  on  tiie 
Los  Angeles  &  Salt  Lake  Radi’oad.  Pluntloy  ‘ 
gives  the  following  description  of  the  district: 

There  were  [July,  1880j  23  iron  el.ainjH,  1,£00  by  GOO  foot 
each,  in  an  area  1  mile  wide  and  -1  miles  loug,  beginning  3 
mflea  norlhcaft  of  Ihe  town.  *  •  * 

In  ISfi.S  the  Great  Western  Milling  &  Mining  Co.  was 
organized  by  five  Monnona.  A  rude  fiirn.nce,  a  fouudrj’, 
•  •  *  wore  erectetl.  •  *  In  1375  or  1S76  llta 
vorka  were  shut  down.  »  *  •  The  compp.ny  made 
only  four  runs,  in  all  about  nine  months,  and  produced  lOO 
tons  of  pig  iron.  This  was  tuado  into  c.istings,  principally 
shoes  ond  dies  fur  tho  mil  la  at  Pioche,  and  waa  considered 
of  excellent  quality.  Tli©  company  expendexi  alxrut 
$100,00(1.  •  *  * 

The  old  Silver  Belt  district  waa  included  in  the  Pinto 
district.  Tho  former  was  cut  off  in  1873,  and  joined  again 
in  1375.  It  is  located  north  of  Pinto  district,  and  coii- 
taiued  at  the  lime  of  U:o  writer's  visit  GO  locations.  Tlie 
ore  i-s  quartzite,  with  some  copper  stain  ond  lead,  and 
assays  from  $i0  to  $60  silver  per  ton.  The  veins  are  from 
2  to  -t  feet  wide. 

L»  1912  a  trial  shipment  of  lead  ore  contain¬ 
ing  a  little  sQvor  wa.s  made  from  tho  Homestake 
claim. 

IRON-ORE  DEPOSITS.’ 

'CCCTIKEN'CE. 

Tlio  u'on  oi'o  occurs  in  disconnected  masses 
within  agcncrul  northeast-southwest  area  about 
1  ^  miles  wide  by  20  miles  long  (see'  PL  XLI^' ) 
lying  for  tho  most  part  on  tho  eastern  and 
southern  slopes  or  foothills  of  the  Three  Peaks, 
Granite  Mountain,  and  Iron  Mountain.  Most 


'  Prcclans  metals;  Temh  iViots  U.  S.,  voI.  I.I,  pp.  47G-477,  ISW. 

-  AbunxIiU  from  Lollh,  e. )v.,an<l  XL\rdor,  K.  C.,  op.  ell.,  PP-  6''-®^'. 
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inox  spnixcs  district. 


t  heit  »re  at  elevations  of  5,600  to  6,700  feet, 
k  (some,  as  on  lion  Mountain,  are  at  or  near 
A  ‘ops  of  the  mountains  at  elevations  be- 
(«eea  7,000  and  8,000  feet. 

'^Some  0^  iron-oro  exposures  rise  200  feet 
the  surrounding  country  ns  black,  jagged 
{SecPl- XLIV,  5.)  Othei-3,  including 
^f.-sl  of  the  larger  dei^sits  on  the  lov/er 
ore  recognized  only  by  isolated  expo- 
jips  and  by  black  iron-formntion  fragments 
jisi.as'Laated  in  loose  detiital  material.  Some 
of  (he  oro  does  not  outcrop  at  all,  being  covered 
li^flndwit^  detritus  washed  from  the  upper 
Apes,  though  even  here  fragments  of  ore  are 
to  appear  farther  down  the  slopes.  In 
jwh  pieces  the  exact  shape  and  distribution  of 
IIj  deposits  can  not  be  determined  without 
undiing  or  pitting.  Fortunately  such  work 
tI  suflScc  fairly  well  throughout  the  possible 
(.T-liearii^  areas,  though  there  are  places  wliere 
ifjiJ  e.xtensions  of  iron-ore.  belts  moy  be  found 
Iry  uderground  exploration,  or  where  belts, 
gapped  as  continuous  on  the  basis  of  surface 
n^pDfT.tfi,  may  really  be  discontinuous.  Hie 
pits  in  the  district,  130  feet,  have  not 
jH  reached  water  level. 


0EOI/>GIC  -VXD  STRUCTirUAI.  RELATIONS. 

The  ore  deposits  for  the  most  part  lie  at  or 
Bear  the  contact  of  the  andesite  laccohths  and 
lU  HomesUke  limestone.  Some  of  them  are 
mlinly  vrithin  the  andesite  well  up  the  slopes, 
•ad  others  arc  entirely  within  the  limestone, 
ihcagh  few  of  these  arc  far  from  the  contact, 

!S«6g.  83.) 


EPOSlTS  IN  ARDZSITE. 

The  deposits  within  the  andesite  appear  at 
•huiirface  in  long,  narrow'  bands  from  20  feet 
to  lisa  than  i  foot  in  width,  standing  from  a 
^leetto  30  foet  above  tho  adjacent  andesite. 
,  ^  ^  veins  or  fissure  deposits.  Most 
t  v/hich  they  fill  are  somewhat 

taper  at  one  or  both  ends,  almost  in- 
‘I  branch,  and  are  accompanied  by  sub- 
paraJlel  fissures.  Their  orientation  is 
KPHeral  they  follow  tho  directions 
»djaccnt  jointing  and  faulting. 

AT  ardesite-limestorz  contact. 

d<n»  more  numerous  deposits  arc 

^  XlV  contact.  (See 

/  Tho  outcrops  are  commonly 

•Jdtoik  ^  ^^Ih  their  longer  diameters  pnr- 
c  contours  of  the  hills,  hut  somo  have 

3G^ic' — 19 - 37 
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UTCguJur  polygonal  shapes,  duo  partly  to  faults 
mg  and  partly  to  the  angle  liptwcen  the  erosion 
surface  and  tho  piano  of  the  andesitc-him’stone 
contact  (which  tho  ores  follow).  Tho  deposits 
at  tho  contact  have  as  a  hanging  Wiill  either 
tho  fresh  limestoni's  or  the  silicatcd  pha.so  chur- 
actcrislic  of  the  contact  vnlh  the  andesite. 
Tho  oro  proLru(ie.s  irrcgnlnrly  into  tho  lime- 
stono  in  large  and  small  nnisses  and  veins. 
Small  masses  of  tho  oro,  measuring  from  a  few 
inches  to  a  few  feet,  lie  entirely  within  the 
limestone,  ami  fragments  of  limestono  lie  in 
tho  oro.  ^Uong  fault  planes  tho  hmcslono  is 
locally  brcocintcd  and  cemented  by  oro  for  a 
few  inches  or  a  few'  feet,  notwith-sUmding  which 
Iho  contacts  on  a  largo  scale  are  usually  even 
and  continuous.  Ilio  dip  of  iho  contact  of 
tho  ore  and  the  hanging  wall  is  almost  invari¬ 
ably  steeper  than  tho  dip  of  the  bedding  of 
limestone-  that  is,  almost  vertical  but  witlv  a 
slight  dip  away  from  the  andesite, 

Tho  footwall  is  principally  andesite,  but  at 
many  localities  tho  oro  is  scpai-atcd  from  the 
ando-site  by  a  thin  layer  of  tho  .silicalctl  con¬ 
tact  phase  or  the  sandy  basal  phase  of  the 
limestone.  "ITie  contact  w'ith  tho  footw'nll  an¬ 
desite  as  a  whole  is  considerably  more  regular 
than  that  with  tho  hanging-wall  limestone. 
Thero  is  less  interpenetration  of  the  two  masses, 
though  some  fragments  of  andosito  do  pro¬ 
trude  into  the  ore  or  are  entirely  siuToimded 
by  it,  and  andesite  breccias  with  oroccinentnro 
not  uncommon  along  faults.  Andesite  dikes 
or  offshoots  aro  rare  in  tho  ores  and  limestone 
near  the  contacts  but  aro  known  iii  one  local¬ 
ity  east  of  Iron  Mountain.  The  andesite  near 
the  contact  is  altered  to  a  soft  clay  retjiining 
andesite  texture.  The  contacts  may  bo  vor¬ 
tical  or  inclined  but  aro  conrmouly  somewhat 


eeply  mclined  aw'ay  from  tho  andesite. 

These  simple  relations  of  oro  to  wall  rock 
■0  complicated  by  faulting  to  a  considerable 
:tout— probably  to  a  larger  extent  than  has 
!en  provecl.  Because  of  tho  faulting  the  oie 
ay  bo  nearly  or  quite  surromided  by  andesite 
•  by  limestono  or  by  any  combination  of  these 

icks,  _ 

Much  of  the  faulting  is  earlier  than  the  ore 
jpasition,  as  is  showu  by  the  fact  tliat  the 
ult  brewdas  are  cemented  by  oro,  as  lU  the 
esert  Mound  and  tho  MarshaU  claim  m 
10  Three  Peaks  area.  Other  '''® 

stinctly  later  than  tho  ore,  as  on  tho  Chesa- 
-ake  and  other  claims  on  Iron  Mountain. 
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The  cfirlier  and  the  later  faulting  are  not 
certainly  to  bo  distinguished  in  oil  places 
iu  the  present  state  of  development  of  the 
deposits,  for  tho  structural  relations  aro^  in 
part  biniUar.  Tho  ago  of  tho  luto  faulting 
of  the  oro  deposits  i.H  pro\usional]y  tissigued 
to  the  postlava  i)criod,  because  tliis  has  been 
a  period  of  conaidoraDle  faulting  throughout 
tho  district. 

The  shape  of  the  deposits  in  vertical  cross 
section  is  mconipletcly-  known  because  er,- 
ploration  has  been  shallow.  'Che  general 
relation  of  the  ore  bodies  to  tho  inrlosuig 
rocks  is  showTi  in  figure  63  (p.  574). 

DEPOSITS  IN  BRECCIAS, 

Tho  oro  constitutes  cement  or  minute  veins 
in  fault  breecias  of  Homestako  limestone 
and  Pinto  quartzite  at  the  Milner,  Dear, 
E.xcolsior,  Duluth  No,  2,  and  Desert  Mound 
cliiiina,  and  of  andesite  at  the  >Iarshall, 
Blov.’out,  Dexter,  and  Pot  Metal  claiin.s. 
At  the  Desert  Mound  claim  a  fault  breccia 
crosses  andesite.  Ore,  limestone,  and  magne¬ 
tite  eoiLstitute  breccia  frogments. 

ORUS.  ! 

The  ores  as  they  appear  above  water  level  j 
(beneath  wliich  pits  have  not  yet  lieen  sunk) 
are  rnainl}'  mugJietito  and  hematite,  usually 
intimately  intermixed  but  locally  segregated. 
Tlio  magnetite  uppurently  constitutes  about 
70  per  cent  und  tho  hematite  30  per  cent 
of  tho  whole.  Deeper  exploration  may  develop 
a  higher  poreentnge  of  hematite.  At  the 
surface  the  ore  is  ordinarily  hard  crystidline 
magnetite  and  hematite  in  poi-oiis,  gnarled, 
and  contorted  nuvsscs,  wdth  coamely  cr5'atallized 
quartz  and  fibrous  chalcedony  as  tlioprincipal 
gangue  mineral,  wholly  or  pai-Uy  filling 
cavities  in  tho  ore.  Other  gangue  minerals 
occurring  in  small  and  practically  negLgible 
lunouuta  nro  apatite,  mica,  siderite,  diopside, 
garnet,  pyrite,  chlorite,  calciU'.,  barito,  galena, 
amphibolo,  copper  carbonates,  limonitc,  and 
amethyst.  Of  these  minerals  barito  and  galena 
are  more  closely  associated  witli  tho  Uuiestone 
than  with  tho  ore,  Melanterito,  associated 
nith  pyrito,  was  found  in  process  of  formation 
in  tho  long  timncl  on  the  Duncan  claim. 
Beneath  the  surface  the  ore  is  usually  softer 
und  contains  a  laiger  proportion  of  soft 
bluish,  reddish,  brownish,  grayish,  and  greenish 
banded  homatito,  limonito,  and  magnetite 


in  greatly  varying  proportions  and  relations. 
The  gangue  materials  arc  more  abundant 
than  near  the  surface,  and  calcitc  is  in  relatively 
increased  proportion  as  compared  with  the 
quartz.  The  banding  in  the  contact  ores 
partly  represents  the  bedding  of  the  limestone, 
which  the  ore  replaces.  Banding  in  tho  dike 
or  vein  ores  in  tho  andesite  is  possibly  the 
result  of  original  deposition.  Some  of  tho 
softer  ore  at  lower  levels  entirely  lacks  this 
banding.  Locally,  as  on  the  west  side  of 
Lindsay  HiU,  the  contact  ore  contains  parallel 
streaks  of  ti  yellow  clayey-looldng  mixture 
of  iron  carbonate,  ii'Oti  sulphate,  glass,  and 
probabl}'  some  residual  clay.  Some  of  tho 
narrow  ore  veins  in  the  andesite  possess  a 
comb  structure  formed  by  the  meeting  ond 
interlocking  of  apatite  crystals  wliich  project 
from  tho  walls,  but  in  places  do  not  entirely 
close  the  vein. 

In  the  ore  breccias  tho  cements  ax(3  magnotitc, 
limonitc,  caJeite,  and  quartz.  At  tho  MUner 
mine  und  elsowhoro  tho  magnetite  has  been 
deposited  fii'st  about  tho  fragments,  hero  con¬ 
sisting  of  quartz,  then  hematite,  then  limonitc, 
but  excoptionally  iu  the  same  locality  tho 
roverse  order  appe.ai-s. 

For  the  foUowdng  information  concerning 
the  composition  of  the  ores  tho  writore  are 
indebted  to  Mr.  Fred  Lerch,  of  Biwabik,  Minn., 
and  to  Mr.  R.  N.  Dickman,  of  Chicago,  111., 
both  of  whom  have  exhaustively  sampled  the 
ores  of  tho  district  for  commercial  pm-poses. 
CoiToborativo  figui'es  were  obtained  from  other 
commercial  sources,  and  a  few  analyses  were 
made  for  tho  writers.  In  all,  about  200  analyses 
from  400  samples  of  ores  have  been  available, 
about  two-thii’ds  of  them  containing  doter- 
minations  only  of  iron,  silica,  and  phosphorus, 
and  one-third  shoiving  the  percentages  of  all  the 
common  elements. 

Tho  average  composition  of  the  ores  of  the 
Iron  Spiings  district,  determined  by  combining 
all  avadablo  analyses  of  tho  ores  of  the  dis¬ 
trict  from  surface  and  pits,  is  as  follows: 
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Thesomples  run  as  low  ns  45  per  cent  in  iron 
and  as  iigh  as  69  per  oen  t.  The  hard  ore  in  the 
aaJesite  averages  higher  than  the  ore  in  the 
limestono.  The  ore  at  tho  siu-faco ,  with  few 
Mceptlons,  has  3  to  12  per  cent  more  iron  than 
that  below. 

Phosphorus  may  diminish  slightly  in  the 
Jecp.'st  explorations  (below  nhout  100  feet), 
but  its  distribution  is  so  irregular  and  c.apri- 
cious  that  this  generalization  is  doubtful. 
Viriatioiis  of  0.050  to  3.18  per  cent  occur 
within  short  distances,  both  vertical  and  hori- 
zontal.  A  few  1 0-foot  samples  of  oro  run 
bdow  the  Bessemer  limit,  but  practiciJIy  all 
tho  ore  mined  will  be  non-Bessemor  ore. 

Silica,  averaging  about  7  per  cent,  ranges 
from  2  to  2S  per  cent,  the  lower  figures  being 
more  common  in  the  oro  in  tho  andesite. 
Silica  at  the  sui-focc  is  about  4  per  cent  less 
than  it  is  just  below  tho  surface. 

Lime  and  magnesia  range  from  1.5  to  11  per 
cents  The  hard  ores  in  the  andcsito  carry 
slightly  less  than  the  soft  ores  in  the  limestone. 
In  both  types  tho  deeper  ores  carry  the  higher 
percentage.  Both  lime  and  magnesia  increase 
relatively  faster  than  silica  with  depth,  tho 
tomaoa  ratio  of  silica  to  calcium  and  magne- 
siuiE oxides  at  the3urfacebeiug2  tol  by  weight; 
*nd  more  nearly  1  to  1  below  the  surface. 

Combined  water  ranges  from  loss  than  1  ])or 
'imt  lu  the  magnetite  to  4  per  cent  in  the  soft 
nres,  averaging  about  3  per  cent.  One  determi¬ 
nation  of  moisture  in  ciystaUizcd  magnetite 
gives  0.4.5  per  cent  after  heating  to  110°  G. 
Sdphur  averages  0.057  per  cent.  In  the 
workings  of  tho  Dimc-nn  deposits  it  exceeds 
^  figure  and  calls  for  serious  consideration. 

‘  ®  general  evidence  of  increase  with  depth 
®  •pparent,  but  water  level  has  not  yet  been 

reached, 

I^Ppcr,  titanium,  and  manganese  are  pres- 
***^'^®  rrot  in.  injurious  amoimts. 

da  and  potossa  are  determined  in  a  single 
>Pecinien. 

of  average  analyses  of  Iron 
with  Lake  Superior  hematites 
,  —  ^durian  hematites  of  Alabama 

hi  the  following  table.  The  Iron 
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Springs  ores  arc  mterraediato  between  the 
other  two  classes. 


amity, ,,  of  /ro*  Spf:ny,  ore,  Lake  Sayerior 
ore,  and  Alabama  oret. 
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•  .IroruK#  oiTjpj  aikilrMi  tor  1»S. 

n.  **"*'®. .Molianirv  (uviini(a>  BimU-tl*  liy 

rhUlips):  U.  8.  Cool,  bun-cy  Nlnelwtilli  Ann.  Scpl.,  pi,  0,  p.  iii, 


j  TONNAGE. 

j  The  iron-oi'o  deposits  vary  from  mero 
]Stiingci-s  to  those  having  an  area  of  1,670,000 
square  feet.  The  aggregate  surface  of  all  the 
ore  deposits  of  tho  district  is  5,430,000  square 
feet  or  0.2  square  mile. 

3’ho  aggregate  tonnage  of  all  grades  of  oro 
in  the  district,  detormhied  by  multiplying  the 
knoiiTi  area  by  tho  best  available  information 
as  to  depth  in  pits,  drill  holes,  and  erosion 
sections,  is  40,000,000  tons.  The  largest  single 
deposit,  figured  on  tho  same  basis,  has 
15,600,000  tons.  It  b  altogether  likely  that 
tho  figures  are  much  too  small  rather  than  too 
large,  because  the  depths  used  in  the  calcula¬ 
tion  have  been  those  actually  observed,  and 
observation  has  not  yet  gone  to  the  bottom. 


GENESIS. 


Tho  principal  ore  deposits — those  near  the 
contact  of  the  andesite  and  limestone — are 
partly  replacements  of  hmestono.  The  origi¬ 
nal  bedding  of  the  limcstnne  has  l>eon  pre¬ 
served  in  the  ore  in  places,  and  there  is  gra¬ 
dation  between  tho  ore  and  the  limestone. 
Those  deposits  also  iu  part  fill  fissures  in  limo- 
stono  or  between  limestone  and  andesite,  or  iu 
andesite.  The  sourco  of  the  non-bearing  solu¬ 
tions  is  the  same  for  tho  limestone  rephicc- 
mouts  and  for  the  vein  fillings  in  the  limestone 
and  in  the  andesite,  for  the  mineralogic  and 
te..xtural  characters  are  the  same  and  in  a 
few  places  they  arc  actually  connected.  Sev- 
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orol  livpolhescs  as  to  this  souico  suggest 
tlioinsdves:  (1)  That  the  orc-buariug  solutions 
wi’TO  associated  with  the  intnjsioii  of  tho  an¬ 
desite  os  “igneou.s  after-effects  (2)  that  they 
were  meteoric  watoi's,  cold,  or  heatc.d  by  con¬ 
tact  with  tho  laccolith,  acting  alter  the  iiuaro- 
lilhic  intrusions  and  before  the  eruption  of  the 
surface  flows;  (11)  that  they  were  hot  solutions, 
jiiagiuatic  or  niotooric  or  both,  connected  with 
tlio  Into  eruptivos  of  Mio  district,  deriving  the 
ores  from  tho  extrusive  or  from  the  underlying 
rock.s;  (1)  that  l  lioy  were  (void  meteoric  waters 
later  tliun  tho  extrusive  rocks;  (5)  that  they 
Were  due  to  some  combination  of  these  soui'ces. 
Tho  deposition  of  the  oro  is  best  expl.ained  by 
the  lii-st  hypothesis,  but  later  concentrations  of 
tlio  ore  havo  occurred  in  tho  onler  given. 

Kor  a  detailed  discussion  of  tho  several  hy¬ 
potheses  tlio  roiuler  is  roferrcsl  to  liuUolin  3.'jS. 
^ITio  procosxes  (liat  are  believed  hy  Lcitli  and 
Ilnrdor  to  iiavo  produced  the  depasi'.s  ns  they 
are  now  are  briefly  summarized  by  them  ccssen- 
tially  ns  follows: 

And(‘sito  laccoliths  wore  intruded  in  I’nleo- 
zoio  and  Mesozoic  sediments,  with  consequent 
tilting  of  the  strata  in  quaquuveiNtil  numnor 
about  the  Inocolith  and  contact  motuinorphism 
of  (he  zone  adjacent  to  it,  accompanied  and 
followed  by  fissuring,  jointing,  and  faulting. 
Hot  ore-bearing  solutions  entered  tlu’ough  fis- 
sure.s  in  tho  andesite  into  the  adjacent  sedi- 
nienls,  depositing  oro  a.s  dikoliko  niassas  in  fis¬ 
sures  in  tho  imdasito,  u.s  fi.ssuro  fillings  and  re¬ 
placements  in  the  limestouo,  and  ns  compnt.s 
ui  breccias  of  uudosite,  limastono,  and  cjuiu'tz- 
ite.  Tho  solutions  iutroduced  also  garnet,  di- 
op.skle,  anipliiholo,  pblogopito,  upulilo,  ealrito, 
(|uartz,  mid  pyrite,  most  of  wliich  had  al.so 
been  developed  in  the  limcistouo  by  the  pre¬ 
ceding  cont  act  motiimnrphism.  Soda  wius  eoii- 
spieuonsly  increased  in  tho  wall  rocks.  It  Is 
thought  tliat  the  solutions  wem  pneumato- 
lytie  uftereffcots  of  tho  andesite  intrusion. 

Erosion  developed  mountains  with  andesite 
cores,  eiicfa-cled  by  belts  of  sediments  at  uni¬ 
form  elevations  on  tho  slope.s,  except  whore 
displaced  by  faults  or  wliero  cut  hack  by 
differential  ercsion.  The  sirens  between  the 
niountnius  were  loft  with  low  relief.  The  ores 
were  exposed  and  partly  eroded  culeite,  apatite, 
niid  perhaps  other  gangue  nialerials  were 
leached  tiiid  reJeposited  below.  There  was 


more  or  less  oxidation  and  hydration  of  the 
ores  along  fissures  beneath  the  surface. 

Tertiary  lavas  were  extended  over  the  entire 
area,  furuishing  hot  magmatic  waters  and  heat 
to  meteoric  waters  and  thereby  developing 
coarsely  cryslalline  magnetite  and  hematite  in 
the  ore  deposits  and  especially  at  the  suifaee, 
leaching  the  gangue  materials  so  far  as  they 
were  left  by  weathering  near  the  surface,  and 
depositing  in  tho  cavities  chalcedony  and  to  a 
slight  extent  magnetite,  hematite,  limonite, 
sideritc,  chlorite,  barite,  calcite,  galena,  and 
the  copper  carbonates. 

Erosion  ree.xhuiiied  the  andesite  inountains 
from  under  the  lavas  and  brought  to  light 
the  sediments  and  ores  on  the  slopes,  u  process 
accompanied  by  local  surface  oxidation  mid 
hydi'iition  of  the  ores  and  leaching  of  the 
gangue  materials,  chiefly  culcito  but  also 
apatite.  Difl'erentinl  erosion  caused  some  of 
the  ore  outcrops  to  stand  above  the  adjacent 
rocks,  hut  otheis,  whose  hard  cap  had  been 
eroded  away,  were  cut  well  down  to  the  level 
of  adjacent  rocks.  Faulting  of  the  ore  de- 
jiosits  preceded  and  accompanied  the  erosion, 
developing  structural  relations  all  of  which  ran 
not  be  distinguished  from  those  dcterniirxed  by 
faulting  before  deposition  of  the  ores. 

Should  the  lavas  prove  to  be  older  than  the 
intrusive  rocks,  several  of  the  above  steps 
would  be  eliminated. 

BULL  V.\LLEY  DISTRICT.' 

OEICERAL  FEATURES. 

The  Bull  Valley  district  lies  about  2.5  miles 
southwest  of  the  Iron  Springs  district,  ex¬ 
tending  from  Garden  Springs  on  tho  northeast 
southwestward  to  Bull  Mountum  and  40  to  50 
miles  beyond.  (Sco  fig.  64.)  Tho  district, 
which  has  only  recently  been  explored  aiul 
staked,  is  much  more  difficult  of  access  than 
the  Iron  Springs  district  and  is  consequently 
less  well  knowni.  The  nearest  railway  station 
is  Modena,  28  miles  distant  by  way  of  Enter¬ 
prise. 

Tho  principal  oro  deposits  lie  several  miles 
below  the  headwaters  of  Mood}'  Run,  which 
empties  into  Magotsu  Crook  10  miles  below  the 
Mountain  Meadows.  From  this  point  they 
e.xtend  eastward  about  3  miles  to  Garden 

I  .VK<lniclu<l  from  l«llh,  C.  K.,  and  U.irdcr,  K.  C.,  The  Iron  orosol 
Uio  Iron  .Springs  district:  U.  .S,  Oool.  Suiroy  Unll.  038,  pp.  W-9J,  !»?• 


BULL  VAr.LBY  niSTKICT. 


SDringSj  a  short  distance  west  of  the  Mouiuaiii 
yeadows  monument,  the  site  of  the  famous 
yountain  Meadows  massacre.  To  tho  south- 
^rest  deposits  occur  on  Bull  ^Mountain  2  or  3 
miles  distant  and  on  Covo  Mountain  an  equal 
distance  beyond, 

GEOLOGY. 

The  essential  geologic  fciitui'es  of  tho  district 
are  the  same  as  those  in  tho  Iron  Springs  dis- 
series  of  laccoliths,  suJTonndod  by 
sediments  dipping  quaquavcrsally  away,  again 
surrounded  and  overlain  by  flat-lying  lavas, 
the  whole  being  bounded  on  north  and  west 
bv  later  flows  of  basalt.  Tho  topogi-aphy  Is 


FiQcnE  G). — Sketch  of  Bull  \^illcy  iron  district. 


rougher  than  that,  of  tho  Iron  Springs  district, 
c\idences  of  volcuiiism  (basalt  flows  ond 
rindor  cones)  are  more  conspicuous.  The 
gimeral  aspect  is  barren  and  forbidding.  TIic 
Same  topographic  and  geologic  conditions  arc 
Slid  to  extend  for  about  40  miles  to  the  south- 
into  Nevada,  throughout  an  area  from 
’'fhich  ores  arc  reported. 

OBE  DEPOSITS. 

The  ore  deposits  wore  examined  in  their 
™coiiiuiuou3  occurrence  between  the  head- 
^ators  of  Moody  Hun  on  the  west  and  Garden 
prings  on  the  ea.st  and  wero  found  to  be 
^uar  m  almost  every  feature  to  those  of  the 
^rt  Springs  district.  The  principal  deposits 
*‘'6  associated  \nth  hme.stono  fault  blocks  that 
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lie  williiu  tho  andesite,  and  subordinate  de¬ 
posits  follow  the  main  contact  of  andesite  and 
linic-stono,  which  strikes  southw'cst  across 
Moody  Run  and  dips  southeast,  Flat-lying 
flows  fringe  tho  ore-bearing  areas.  On  the 
south  are  acidic  flows  and  tuffs,  on  the  north 
uculic  flows  and  tuffs  ond  basalts.  A  whifo 
band  near  tho  base  of  the  acidic  lavas  is  very 
con.spicuous  and  in  most  of  the  district  is 
sufficiently  near  the  liinestone-andesile  con- 
tact.s  to  make  it  a  useful  marker  for  the  ores. 

Tho  greatest  width  of  oro  observed  at  the 
surface  was  11.5  foot  but  was  not  sufficiently 
well  o.xposed  to  make  it  certain  that  this  115 
feet  was  continuous  ore.  'ITJs  particular  de¬ 
posit  ha.s  a  length  of  approximately  700  feet. 

Tho  iron  is  both  magiiefito  an<l  hematite,  as 
in  tho  Iron  Springs  district,  but  tho  hematito 
on  the  lower  slopes  has  n  fine  granular  texture 
and  a  steel-blue  color  whirli  is  not  scon  in  tho 
Iron  Springs  district. 


The  composition  of  the  ore  at  the  .sm’faco, 
as  sampled  by  Lerch  Bros.,  is  as  follows: 

Co/ft/wt.'f07i  o/ //iv  Bidl  ValUj  (Usirid 

[.\TUilyst,  Fred  Ia'fcIi,  Mlnri.] 

Iren. 

Phos¬ 

phorus. 

Across  150  feet.  Pilot  No.  9 . 

68. 98 

0. 195 

.Acrom  250  feet.  Pilot  No.  8 . 

62. 38 

.217 

.Across  60  feet.  Pilot  No.  7 . 

62.06 

.163 

Pilot  No.  12 . 

66.  40  < 

.072 

Across  40  feet.  Pilot  No.  7 . 

Ot.  13  1 

.134 

A  little  pitting,  trenching,  and  tunnehiig 
has  scratched  tho  upper  parts  of  tho  deposits. 
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SILVKR  REEF  (H.tRRI.SBURG,  LEEDS)  DISTRICT. 

By  11.  S.  Bittler. 

QENEBAL  FBATtTRES. 

Tlio  SUvor  Kecf  districl  is  in  tho  cast-control 
port  of  Wii-sliington  County  in  southwcstoin 
Utuli.  Leeds  is  in  its  centrnJ  port,  Toquerville 
is  about  6  miles  to  the  uortheust,  and  St. 
George-airout  20  miles  to  tho  southwest.  The 
tU-sti'ict  can  be  reached  from  Modena  on  the 
Los  Angeles  H  Salt  Luke  linllroatl  by  way  of 
St.  George,  a  (U-staiico  of  about  DO  miles,  or 
from  Lund  by  way  of  Cedar  City,  a  distance  of 
about  70  miles. 

The  region  is  arid.  lu  the  lowlattrls,  in  the 
vicinity  of  the  mines,  t  iicrc  is  no  timber  and 
for  the  most  part  only  a  scanty  growth  of 
desert  plants.  In  the  Piuo  Valley  Mountains 
there  are  cedar  and  other  trees  suitahlo  for 
wood  and  timber.  Water  is  scarce.  A  .stream 
from  the  Pine  Valley  Mountains  suppliiw  water 
for  the  settlements  at  Leeds  and  llarrLsburs:, 
for  tlie  irrigation  of  small  arcus,  mid  for  milling 
at  Silver  llccf.  Virgin  Kivor  is  only  a  few 
miles  from  Silver  Reef  and  touchc-s  tho  north¬ 
west  end  of  East  Reef.  Some  milling  was  done 
on  the  river. 

Virgin  liivcr  is  a  good-sized  stream  and  fur¬ 
nishes  ample  water  for  all  pnr[)03cs.  Tho  soil 
is  apparently  fertile  and  where  properly  im- 
gated  yields  abundant  crops.  Both  tho  soil 
and  climate  appear  especially  well  adopted  to 
the  cultivation  of  grapes,  peaches,  and  .similar 
fruits.  Farming  is  conGned  to  small  areas 
that  cull  ho  irrigated,  but  tho  agricultural  pos- 
slhilities  seem  sunicicnt  to  supply  any  probable 
local  demands;  and  nio.st  ngricultunil  products 


can  be  obtained  at  reasonable  rates.  Tlie  ab¬ 
sence  of  o  railroad  is  a  serious  drawback  to 
farming,  and  a  local  demand  would  greatly 
stimulate  that  industry. 

The  climate  is  mild  and  delightfid  in  winter 
but  is  hot  in  summer.  Rainfall  i.s  light,  the 
I  average  yearly  precipitation  at  St.  George  for 
19  years  ranging  from  3.55  to  18.71  inches 
(average  8.00  inclie.s). 

TOPOGBAPHT. 

In  the  immediate  vic'uiity  of  Silver  Reef  the 
I  region  is  rough,  but  the  relief  is  not  great. 
Tho  eJevation  here  is  about  4,000  feet.  North¬ 
west  of  .Silver  Reef  tho  strong  cHfT-raa Icing 
menibeis  of  llte  Tria.s.sic  and  Jurassic  forma¬ 
tions  and  the  volcanic  rocks  of  Pine  Valley 
Mountains  produce  a  very  rugged  topography, 
the  mountains  rising  to  10,000  feet,  or  about 
6,000  feet  above  Silver  Reef.  A  few  miles  east 
tho  great  Hurricane  Cliff  forms  the  western 
front  of  the  Plateau  Province,  and  still  farther 
east  a  succession  of  beiichc.s  and  cliffs  extend 
up  the  valley  of  the  Virgin  as  far  as  the  eye 
can  reach. 

Northeast  and  soutliwe.st  from  Leeds  ex¬ 
tends  a  broad  anticline  of  soft  shales  overlain 
by  hard  conglomerate.  A  few  miles  below 
Leeds  weathering  has  cut  through  tho  con¬ 
glomerate  and  has  curved  a  deep  valley  in 
shales  beneath  from  which  the  harder  beds 
stand  out  as  ridges.  Vegetation  is  almost 
locking;  and  its  name,  “little  Purgatory,” 
seems  especially  appropriate.  Leeds  is  in  a 
strike  valley  eroded  in  the  soft  shales  between 
tho  hard  Shut  am  mp  conglomerate  and  the 
sandstones  forming  the  silver  reefs. 

aEOlOGT. 

.SEDIMENTARY  BOCKS. 

The  sedimentary  rocks  of  the  Silver  Reof 
district  range  in  ago  from  upper  Carboniferous 
to  Tertiary.  The  region  has  been  studied  in 
some  detail  by  Huntington  ami  Goldthwait,' 
and  tho  following  general  descriptions  and 
geologic  map  (PI,  XL\H,  in  pocket)  and  sec.- 
tion  (fig.  65)  are  taken  from  their  paper. 

Tlic  Aubrey  fonuatiou,  ia  tlio  Toquen'ille  districl,  con- 
lUNla  of  ,1  rather  maiwivo  gray  limc:slonc,  capped  by  a  series 

I  Hur.t|ninon,  F.llsworUi,  ond  Goldlhwnd,  J.  W.,  Tbo  Hurrlnui*  HuR 
In  Itw  Toiiucn-UIn  dl'.IrVl,  f  lah:  Harvard  Coll.  Mus.  Comp.  Zool.  Dull., 
val. «.  jip.  an-239,  lIMt. 
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•-  I  In  sharp  contrast  to  the  w«ik  Moeacopie  shales  below 
c  and  tho  soft  Painted  Desert  shales  above,  the  Shiuarunip 
d  stands  out  firiniy  as  a  bench  and  cliff  maker.  In  the  eaat- 
e  orn  p'.irt  of  our  area,  among  the  plateaas,  it  forms  the  flat 
y  top  of  (he  “Permian”  terrace,  and  its  outljdng  tables. 

Xot  uncommonly  its  edge  projects  out  over  the  soft  shales 
g  beneath,  like  an  ornamental  molding.  Often,  where  it  is 
e  the  upjxirmosl  member  remaining,  its  top  is  fhit  and  clean, 
but  where  it  merely  flanks  the  bold  Kanab 
escarpment  iUs  platform  is  banked  by  land- 
Colob  slides  from  abo\  e.  This  is  well  shown  at  Rock- 

'ille,  near  tlio  Virgin  River,  where  (iie  waste  of 
the  shales  is  p.Trticularly  rapid. 

Where  the  strata  have  been  folded  the  .Skina- 
nimp  again  is  conspicnous.  Between  Toquer- 
'ille  and  St.  George,  where  a  great  plunging 
anticline  has  been  unroofed  by  erosion,  tho 
oonglomerato  forms  a  cigar-sh.np>ed  hill,  splitting 
lUcab  at  its  southern  end  so  as  to  surround  a  long 

ampliithcater.  »  ♦  • 

The  Painted  Desert  formivlion  is  a  series  of 
shales,  elsewhere  chiefly  eJay  shales,  but  in  the 
Toquerville  district  more  3.-\ndy.  Although 
varied  in  color,  they  are  uniformly  weak, 

.It  the  top  of  the  Painted  Dcw'rt  series,  as  we 
have  limited  it,  and  nt  the  liaso  of  the  Kanab, 
there  is  a  thick  sandstone  memlicr,  of  a  lavender 
or  mauve  color,  and  of  such  hnrdnew  that  it 
SbuiMTirop  often  forma  a  bench  above  the  shaloa,  after  the 
manuer  of  the  Shinarump,  though  hardly  .‘‘o 
couspicuoualy.  »  *  « 

Aliot'c  the  mauve  sandstone,  at  tho  httao  of 
the  K.anah,  is  a  tliin  series  of  weak  bods  wdro.se 
nonrc-sistancc  pcrniifa  the  development  of  the 
platform  beneath:  then  comc.s  .'tbont  l,7t)0  feet 
of  uniformly  hard,  brick-red  sandstone,  occa¬ 
sionally  crosi-bedded.  It  is  the  unusual  tluck- 
noa-i  and  masedveuesa  of  this  hard  sand.stonc 
formation  that  makes  it  the  greatest  cliff  iruilder 
in  the  region.  «  *  »  Although  at  Rockrullo 
its  impo.sdng  front  trends  toward  Toquerville, 
it  luraa  rather  shaqrly,  a  few  miles  east  of  Lo 
Verkin  Creek,  and  runs  northwest  to  Colob. 
The  architecture  of  the  ICmab  is  maaai\'c  and 


£Unl  whits  crosfc-bcdiJcd  Kndstorw 


ilsrd  red  sandstone  often  eraevbedded 


tfaiivo  ■tandutooeJCd’ 


Faie  led  Desert 
360' 


Soft  purple  and  red  ihnl(o,£tO' 
(STu/  nodutsr  shale  st  base) 

Conclonwrate  and  undslune.fitl' 


Cboeolate  sandstones  and  shahs, 30' 


(uBeonfomihr  St  lopl 


Moencopic 

1206' 


Soft  red  shales,  250*  (seiee  herder  Kray  loyen) 


with  1  (ray  liraestoos 


Soft  red  »hslea,170’  (foaiiliferojo  Isyor  at  bs») 


Soft  variegated  ahalea  above  i 


Super-Aabrey 


cherty  nodular  limestooe  bolow 


Aubrey 


Grey  limeatene  (foesiliferous) 


yioctt  OS.^diectionol  rocks  exposed  along  l-o  Verkin  fbinyoa  betwoea  ToquerviUo 
and  Cobb.  Alter  Bumaliglon  ond  Ooldthwall. 


**®*r:{afcle  for  both  color  and  aculpluro.  From  tho  top 
ol  these  tables  to  tho  plain  at  its  base,  tho  bare  slopes 
*s«#d  very  steeply,  w'ith  an  occasional  narrow  bent^h, 
Sflnled  by  a  cliff,  whore  n  harder  member  asserts 
‘•'sogth.  Seen  from  a  distance,  tho  alternating  hori- 
*Mital  Ihuids  of  chocolate,  gray,  lavender,  and  red  stand 
«*t  iritk  rTubon-Iike  uniformity  and  distinctness.  In 
tacsti  tables  are  very  irregular,  with  long  head- 
.  and  reentrants,  down  tho  Blopc.s  of  wliich  are  cut 
’•••UBcriblo  gullies  and  ravines,  sy.stomatically  placed, 
***  to  form  a  minute  pattern  of  taperiug,  brandling,  and 
spurs  that  give  the  impression  of  a  conventional 
Wlicro  tile  eludes  have  livst  their  conglomerate 
^Pi  however,  they  liave  either  been  diascctod  into  a 
bsdlaud  topography  of  gullies  and  ridges,  or,  as 


grand.  Lofty  though  the  red  dilTs  really  arc,  tlieir 
height  is  eveu  exaggerated,  as  a  result  of  prominent 
vertical  jointing,  by  deep  rifts  wluch  cut  the  dirts  from 
top  to  bottom.  Below,  the  rifts  show  as  sharp  iijiright 
slits  through  the  rock,  but  at  tho  top  they  widen  out 
into  ragged  gashes,  chopping  up  the  rock  into  pimiudes 
and  spires. 

Within  the  limits  of  our  map  the  ICanah  does  not  atiaiu 
this  grandeur  of  form.  Only  along  the  cMtern  b:usc  of  the 
Tine  Valley  MounUuns  is  the  entire  formation  exposr'd, 

aiidtbereitbasaniincientsubduedtoiiography.  *  *  • 

The  rdeb  formation  also,  iu  the  vicinity  of  Toquer- 
ville  is  not  displaycl  to  best  advantage.  Along  the  Tine 
Valiev  Range  U  forms  rounded  foothills  and  long  sloping 


584 


OKK  DEPOSITS  OF  UTAH. 


ri.lgw,  wliii  li  have  liiilo  imlividiiality  .-u-iue  ironi  ibc-ir 
pure  white  or  (xvaaional  bull  color.  Fiir  to  the  eastward, 
ai.  the  Teraple-8  oi  the  Virgin,  and  along  Iho  marvelous 
White  flirts,  the  more  magnificent  featiires  of  aculpluro  are 
brought  out  by  active  erosion.  Even  in  our  region,^  how¬ 
ever,  whore  rt'f-'cnt  crosian  has  bwa  actively  at  wor.c,  tlio 
strueturul  diitnil  of  the  Colob  is  well  shown  in  longswcop- 
i))g  curves  of  i  rcem-bcdding.  The  slow  cm.'ubling  away  of 
11j«  lino  white  snnd  grains  luiugs  out  llio  frostwork  pattern 
iit  a  way  ilmt  is  at  ouce  pleasing  and  grotesque.  The 
mysiiwioua  uatno  “Colob”  is  well  suiUsl  to  it. 

Tho  Cretaceoii.s  and  Tertiary  fnnnations  are 
not  well  exi)osed  in  tho  immediato  vicinity  of 
Silver  Reef  and  wero  not  c.xarni'ncd.  In  the 
Iron  Sprbiga  district  to  the  northwest,  Leith 
anil  Harder  (see  p.  .5(59)  have  described  R  sec¬ 
tion  e.onsistiiig  of  I, .500  feet  of  CVetncoous  sand¬ 
stone,  siitJft,  conglomerate,  and  limestone  rest¬ 
ing  tmconformably  on  Carboniferous  limestone 
and  overlain,  uneonformnbly  by  1,000  feet  of 
Eocono  limeslouo, conglomerate,  and  sandstone. 

Tho  coiTelntion  of  the  section  of  Huntington 
and  Goldtliwait  with  tho  Coloh  section  of  l>ut- 
ton  is  sliown  in  tho  following  talilc: 


Curri'lnlinn  of  ofSiU  tV  fire/ ilitiricl.  ’rlth  Cf>lo(>  J'lntfini, 


Sti^ur  Kovf(IInTiUu«.nnii  niwl 

IWoh  ri.tliMii  (Thiiliin), 

Tortlnrv  U  iD««t  lino,  ohiilo,  iinil  con> 

Tortiory  Muit'oiono.  shnio,  uml  con* 

glouiuniu*. 

MiitliitrfnQ,  vhitlo.  onil 

CrKwoniK  9uni)\loae,  sliik,  and 

limvituiw. 

luocstuao. 

C4>)oli 

Jir-vsloolitilr. 

J  iroMio  ftirnUUiM. 

Knmih  otiivWiuno. 

Tri  wir  nmlilqM,  ilrnlo.  uihI  c«>c- 

INUfKod  OoMort  ^milslono  ukI 
oh 

Sbuar^p  con^WmiMnir. 

(lottUKDiO. 

McMDroploshnln  AtnJ  saudslnmv 

I'qrmiHn  «hal<<  and  taixblono. 

.Supar..\ulT<y  itbiUs  iikI  IIuk.- 
slnne.  ' 

.Viil>reyUnii><i<>r\i.. 

Cnrhoiitformni  limoxtone. 

IfiXKOrs  lOK  KS. 

Igneous  rcK'k.s  woro  not  obserwii  in  place  in 
tho  immcMliato  vicinity'  of  Silver  Riwf.  Tho 
abundunco  tuid  largo  size  of  tho  igneous  frag- 
inonts  that  Litter  the  surfueo  to  the  north  and 
west  suggest  that  they  originated  close  ixthand. 
Closer  e.xiunination,  however,  indieates  that 
they  wore  derived  from  the  igneous  rocks  in 
tho  Pino  Valley  Mount aitis  or  from  a  south¬ 
ward  oxteusion  of  that  body  that  has  since 
been  removed  by  erosion  and  wero  transported 
to  their  present  position  by  some  means  whose 
nature  is  not  clour. 

The  igneous  rocks  in  place  in  tho  region  oou- 
sist  of  I  bo  extensive  lava  flows  in  tho  Pine 
Valley  Mountains,  of  a  small  hotly  of  similar 


rock  about  2  miles  south  of  Bellevue,  and  of 
extensive  flows  of  basaltic  rocks  that  o.xlend 
for  many  miles  along  tho  front  of  the  plateau. 

The  rocks  of  tho  Pine  Valley  Mountains  arc 
evidently  similar  to  the  extrusive  rock  of  tho 
Iron  Springs  district.  No  intrusive  bodies  have 
been  reported  in  tho  Pine  Valley  Mountains, 
but  they  have  never  been  carefully  sought  for 
and  may  be  prc.sont.  Tho  flow.s  in  tho  Iron 
Springs  district  '  range  from  andesites  to 
rhyolites,  and  the.  rocks  far!  her  south  are  prob¬ 
ably  of  the  same  general  character. 

The  choi’acter  of  the  body  south  of  Bellevue 
has  not  boon  defmitelv  detorm'med.  Huntinc- 
ton  and  Goldthwait  state  that  "tho  smaller 
andesite  hills  near  Toquendlle  are.  either  intru¬ 
sive  portions  which  never  reacheil  the  surface 
or  stocks  of  extrusions  of  which  all  other 
traces  have  been  removed.”  All  the  flow 
rocks  in  tho  general  region  are  believed  to  be 
of  Tcrtiaiy  ago,  and  rest  upon  Eoeene  sedi¬ 
ments,  lus  has  l>cen  .shovxm  in  tho  Iron  Springs 
district.  Rocks  of  tho  same  general  character 
Ix^twcen  BelJc\nio  and  Tociuorville  are  in  con¬ 
tact  with  Jurassic  and  Cretaceous  sediments, 
and  if  they  are  of  the  same  ago  as  thoso  to  the 
northwest  their  position  is  mo.st  naturally  inter- 
I  proted  os  being  due  to  intrusion.  Neither  in 
the  very  short  time  available  for  field  study 
nor  in  later  study  of  specimens  w'us  the  writer 
able  to  find  positive  evidence  of  their  relations 
to  the  sedimentary  rocks,  for  they  are  por- 
phyritic  and  have  a  fine  crystalline  ground- 
mass  whoso  texture  is  duplicated  by  both  in¬ 
trusive.  and  oxtnisivo  rocks.  From  their  posi¬ 
tion  in  the  sedimentary  series  they  are  regarded 
tentatively  tas  of  intrusive  origin. 

To  the  west  of  the  Hurricane  scarp  forsevernl 
miles  north  and  south  of  Toquorvillo  are  large 
bodies  of  basedtio  lava,  and  similar  rocks  are 
found  to  a  lessor  extent  east  of  the  .scarp. 

The  earlier  rhyolitic,  latifcic,  and  andesitic 
lavas  rest  upon  Eocene  sediments  and  are 
probably  of  Miocene  age.  Tho  basaltic  flows 
nro  much  later  and  may  all  ho  classed  as 
Recent,  though  their  accumulation  has  been 
in  progress  over  a  long  period.  Some  of  the 
I  earlier  flows  have  been  extensively  eroded, 
i  but  others  show  so  little  change  that  they  may 
;  be  only  a  few  hundred  years  old. 

*  I-olih,  C.  K,,  qikI  n  irdcr,  R.  C„  Tho  Iron  of  tlio  Iron  Bjclntf* 

district,  »outh«m  Utah:  U.  S.  Quol.  Survey  Dull.  MS,  p.  1908 
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STBCrCTURE. 


Folding  principal  factor  in  producing 

{Je  structiu’®  in  the  imraediatc  vicinity  of 
Sarer  R«ef,  though  both  folding  and  faulting 
liaTcbecn  important  in  tho  general  region. 

Following  tho  deposition  of  the  Eocene  sedi- 
oente  «nd  probably  tho  extrusion  of  the  earlier 
the  region  was  thrown  into  a  series  of 
brond  open  folds  hanng  a  general  northeast  | 
tjend.  This  series  of  folds  has  been  described 
bvHnntingtou  and  Goldtbwait  us  follows: 


of  >  line  ilruwa  along  the  ooutheni  portion  of  the 
OKTiruie  fault  and  extourtod  northward  tip  the  valley  of 
LtVerkat  tVick  the  strata  are  nearly  horizontal.  Ite- 
tnea  that  line  and  the  old  shore  line  of  the  Mesozoie  Sea 
Ttft  of  tho  Piuo  Valley  MouiiUin.s  the  strata  are  coni- 
into  two  sj'iicliiies  and  two  anliclixiea  which  cul- 
ccila  in  a  great  overtiirncrl  fold  at  Kaaarra.  North  of 
Auxn  tho  coatiniialion  of  these  plications  was  not 
■tdie<l;  townnl  tho  south  they  gradually  die  out  until, 
18  of  20  mile*  beyond  Toquer\'iIle,  they  have  greatly 
Iradctied  and  pen>i.st  only  as  gentle  monorliuea  dipping 
t.raini  tho  emu.  The  most  wtwiern  of  these  folds  is  the 
irwd  geiitle  aj-ndinc  in  which  lies  the  lava  of  the  Pine 
VtUey  ]lfou])'cins.  In  the  neighhorhwd  tpf  Ihe  moiintaiuH 
lie  dip  is  cvcrjnvitere  gentle,  and  the  flat  bottom  of  the 
tm'4;h  i*  several  miles  wide.  Toward  tho  southwest  thi.s 
iVDtliae  alni'j*.:  vaoishe.'i.  hut  the  wt-sfern  limb  sceiiia  to 


pa^.  *san  c»»l'.vard-dip[)ing raonocliue  whn^j  lowerlimil 
Uioir  (he Grand  Wash  fault. 

Ihi  aext  fold  to  Iho  pwt  is  a  remarkable  anticline  which 
njs 3>?rUieast  18  miles  from  Price  City  south  of  St.  George 
isLsed*.  whore  it  hciids  more  to  the  uorth  for  10  miles, 
inlfl  it  is  ImI  under  alluvium  and  la\’a  a  short  distance 
•wth  of  Bellevue.  WTiea  what  *cema  to  be  the  same  fold 
ttepivai*  at  Kamarra  it  haa  aguin  bent  somewhat  to  the 
.Mthoiiirh  near  .St.  Goorge  this  fold  is  finely 
Qpo*;!  as  a  typical  Iwoachcd  anticline,  that  p<jrtii)n  fades 
™  imugnificaDi'e  when  compared  with  the  extraor- 
•aanljr  dugrammatie  portion  near  Ilarriibiug  and  Leeds. 

ewdnn  ha<l  removed  all  the  stnita  as  far  as  the 
*iMrump,  winch  at  l.eeds  forms  a  great  rounded  no«e 
^hiag  (c.aard  the  north  and  shajted  like  the  decked 
of  a  ruund-topped  canoe.  As  the  aniiclirie  rises 
**yd  the  anuth  tho  deck  of  the  nose  gains  a  greater  cle- 
Leeds  to  Harrisburg,  the  center 
•  ®F®u  where  it  has  been  undermined  by  the  wear- 
®f  fbe  soft  Sfoencopie  shales.  A  few  miles 
tf  ^  minutes’  walk  from  the  road  southwest 

brings  one  to  the  top  of  tho  Shinanimp 
the  northwest,  .side  of  the  auliclino.  Under  the 
tJ*  lutrd  Shinaruinp  fonnaticii  dipping 

•  On  iis  resistant  surface  erosion  proceeds  veiy’ 
tliJl' many  miles  this  edge  of  the  anlicliifo  forms 
front  of  the  observer  a  precipitous  cliff  50  or 
f  Mgh  bounds  abruptly  a  perfect  anticlinal  trough,  a 
^Idc,  a  fort  of  hand  aiieeuueu  or  model  show- 
■Blanco  a  diagrammatic  tyi>e  not  only  of  on  auti- 
hut  nl.Mo  of  an  anticlinal  ridge.  Under  the 
CHf.'s  He  the  bright-r  olored  .M<>encopie  shales. 
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red,  gray,  and  brown,  the  edges  of  which  are  tr.incatotl 
like  thi«o  of  the  overlying  -sandgloiio  and  oinglomemtc. 
although  at  a  leiwr  angle.  At  the  very-  center  lice  a  Hllle 
r..uuded  ridge  where  erosion  has  laid  bars  the  Iranler 
iiudtrljing  Aubrey  limestone,  which  rews  as  an  anticliaal 
core  iu  tho  midst  of  an  onliclinal  trough.  Beyond  the 
ridge  the  naked  parlicolorod  shales  again  ri.se  ^dually 
it:  brilliant  bauds  to  a  Shinanimp  ('litT  e.xaoily  like  that 
on  which  we  are  standing,  except  Hut  It  fa<'e*  in  the 
opposite  direction  ami  dips  to  the  southeast. 

North  of  Bellevue  where  the  fold  disapper.n»  umU  r  a 
cot'ering  of  lava  it  is  still  a  normal  anticline,  but  wlicie 
what  seems  to  he  tlie  same  fold  n  appeara  at  Kanarra  it  has 
been  compresjed  to  such  an  extent  that  it  has  been  cuin- 
pletely  overturned  ami  the  strata  lie  in  inverted  cwiler 
with  a  rather  steep  dip  to  the  northwest.  \s  this  fold  has 
been  cut  at  this  jHiiut  by  Iwlh  the  old  and  tho  new 
Diirricune  faults,  only  a  small  portion  is  now  evpised. 

The  trough  lying  cast  of  this  anticline  w  imimporlant. 
It  dies  out  completely  south  of  Toquervillc,  while  at 
Kanarra  it  is  so  far  compretfied  that  tho  two  limbs  toueJt 
each  other.  Tho  most  eastern  anticline  lies  claie  to  tho 
lino  of  the  Ilurritane  fault.  On  the  south  it  fliUicns  out, 
although  Iho  eastern  limb  persists  as  an  eastward  dipping 
monocline,  at  the  base  of  which  i.s  tho  Uurrirune  fault. 
In  tho  northern  half  of  the  region  it  is  a  strong  arch  with  a 
dip  of  from  20"  to  -10°  Tho  ridge  east  of  Bellevue  is  formed 
where  it  brings  up  a  hard  core  of  Aubrey  limeatoiio  whii  h 
has  since  been  hisecletl  longitudinally  by  the  Hurrii  ane 
fault.  Ou  the  eastern  side  of  this  core  all  tho  overlying 
strata  have  l>oe:i  8frip])ed  off;  on  the  weslorii  side  where 
tho  country  has  b/en  droppml  far  down  liy  the  fault,  the 
oveThdiig  str.Ua  are  to  a  great  e.xtent  preserved. 

Faulting  in  tho  immediate  vicinity  of  Silver 
Reef  has  not  been  imporUint.  A  few'  miloa  to 
tho  oust,  how'over,  Ls  the  great  Hun’icano  fault 
marked  by  tho  Unrrictine  cliff,  where  faulting 
on  a  grand  sculo  has  taken  place.  Thi.s  fault 
cun  bo  triR'ecl  with  a  general  strike  east  of  north 
for  scores  of  miles  nortli  and  south  from  this 
region,  uml  its  displacement  is  measured  by 
hundreds  of  feet.  Movement  along  this  line 
began  much  later  than  the  folding  of  tho  region 
(possibly  in  Into  Tertiary  time)  an<l  has  cou- 
tinuod  intorinittently  till  very  recently  if  not 
to  tho  present  time. 

HISTORY  ANTJ  PRODUCTION. 


By  V,  G.  Hkikus. 

Huntley,'  who  visited  the  district  in  July, 
SO,  says: 

larrishurg  diatrict.  belter  known  as  Silver  Ucef,  is  in 
)  eauieru  part  of  the  county,  and  covcm  au  area  of  about 
idle*  squaw.  The  old  Mormon  tomi  of  I.eediJ  waa  the 
llcmeut  neareat  the  mines)  in  early  times),  and  also  gave 
I  ime  to  the  region.  Kn  Iho  miuea  were  de^-elopml,  tho 

Jn  of  Silver  Roof  was  built.  *  •  *  Silver  ww  db- 


Tm.b  t'esasw  th  A.  v»l.  n,  pp.  iMi. 
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covered  in  ISfiO  by  John  Koinple,  who  found,  riear  ITum*- 
l>urg,  :t  jjioco  of  float  which  a.'vtaywi  $17,000.  He  ttUed  up 
hi-s  small  shaft  and  left  the  country,  but  returned  willi 
others  and  or^nizcd  the  district  June  22,  1S7J.  Du 
Worked  liis  claims  for  a  few’  months,  when  becoming  dis- 
coiira(;i'd,  ho  returned  to  Star  district.  •  •  *  The  dis¬ 

trict  owes  ila  dcvehiiiment  entirely  to  Mr.  .  T.  Barbee, 
who  went  there  in  tiic  sumiucr  of  187.i.  lie  discoxored 
very  rich  ore  on  the  Tucumsch  claim,  and  .slnppcd  10  tons 
of  $500  oro  to  Sail.  I.ako  City  in  the  following  Novciolwr. 
Do  conlinucd  the  shipments  of  ore  to  Salt  Lako  City  and 
to  Piochc  during  the  fidlowing  year.  This  cau^ed  the 
rash  li)  the  dihlrici,  princiiwlly  from  l’i<H'hc,in  the  summer 
and  fall  of  1870.  Tho  nrurder'a  licidts  showed  010  loca¬ 
tions,  but  probably  n  it  o\cr  150  claims  were  owncl  at  the 
period  undoT  review.  ■•  •  • 

.Mills  have  been  erected  in  the  district  in  tho  following 
order;  T.eeds,  February,  1877;  Tioueer,  ibrce-atamp,  de¬ 
molished  fall  of  1877;  Christy,  January  8,  1878;  Barbee  & 
Walker,  .March,  1878;  Stormont,  July  4,  187.S.  In  1877 
and  1878  many  rude  leaching  works  were  erected.  •  •  • 

Tlio  total  jiruduction  of  the  district  lia-H  been  •  •  • 

$.8, 24.1,738.02. 

Beginning  at  tho  northern  extremity  of  each  reef  the 
imijortiint  mines  are  located  in  tho  lollowi.'ig  order: 

While  reef. — Barbee  &  Walker,  Pinkhiim  A  Dodge, 
Ut.'dis  Thompson  A  McNally,  and  Glshorn. 

BHibyc  ruff. — ^Silver  Flat,  Manhaltau,  Tecumseh,  all 
tlireo  belonging  to  the  Christy  Co.;  Kioner,  Buckeye,  hast 
Cbaai-o,  owned  oy  the  Stormont  Co.;  .Moggie,  Ciduoriiia, 
botli  belonging  to  iho  Chri.'-ty  Co.|  and  Emily  Jane. 

E'lfit  ruxj. — Vanderbilt,  IbilRn,  Dykes  A  Stapelcy, 
Toqncrvilic,  Maud,  and  Di.xie. 

The  other  mines  of  Ihe  vSilver  Koef  or  Hnr- 
rislnirg  di-strlct  tire: 

Minut  of  thf  Ri-f  dit'riri. 


Several  of  tho  lotiching  works  erected  ia  tho 
district  were  operated  ou  tailiiigs  till  the 
Stormont  closed  in  1887,  when  they  too  were 
suspended.  In  March,  1889,  tho  Christy  Co. 
stoppetl  work,  practically  closing  the  camp. 
From  1800  to  1909  occasional  lots  of  silver 
were  recovered  from  ores  worked  under  a  lease 
in  the  Brundiigo  mill  from  the  Leeds,  Thomp¬ 
son,  Red  Star,  Free  Coinage,  and  Wonder 
claims. 

The  Silver  Reef  district  jdelded  silver  annu¬ 
ally  from  187.5  to  1807,  when  production  ceased. 
It  began  again  in  1902  and,  e.Kcept  for  1906,  con¬ 
tinued  until  1909.  The  production  of  the  dis¬ 
trict  between  1875  and  1902  has  been  compiled 
from  the  records  of  the  Director  of  tho  Mint 
and  from  1003  to  1909  from  the  records  of  the 
United  Slates  Gcologiail  Survey.  The  output 


arranged  by  poriod.s  is  os  follows: 

Protluclion  oj'  SUu«r  HecJ  ditlricl,  iS7.S~t905,  bg  pcrlodt. 

Period. 

Silver 

recovered. 

Total 

value.o 

1875-1880 . 

Ouwcee. 

3, 319,054 
3,  590, 598 
200,069 
95, 742 

S3, 808,  890 

1  3, 966.  ns 

158. 140 
5:1. 99-1 

1 

1881-18‘)0  . 

1891-1000 . 

1001-1909 . 

7,211,403  j 

7. 987, 142 

aAraraiCii  oimmcrrlol  prk'o  used  lor  silver  to  nvike  toul  (or  cacb 
caltndv  yeu. 


MiiiCH. 


Total 

Icneth 

of 

opeu- 

iugs. 


Total 

pitxhicl, 


Remurkn. 


Pctl. 


Pinkhiim  A  Dodge 

'  727 

Hniilv  Juno . 

Vanderbilt . 

Dulliii . 

900 

Toquervillo . 

1.000 

Maud . 

-140 

Dixie . 

100 

Giaboni . 

No  ore 
Mliippcd. 
280  tomi. 


240toiu<. 


I.argo  bodioH  of  $1C 
ore. 

Ore,  $20  and  »30’ de- 
vclopmoula  lim¬ 
ited. 

.\vena?o  of  ore  pro¬ 
duced  $100;  in- 
cliiio  ol  60  feet. 


♦■.W.0.S6. 


Total  proilucl.,  many 
hundred  or  ihou- 
saud  tciw  of  $80  to 
$100  ore. 

Several  hundred 
tona  of  $60  oro 
ahippe.l. 

Oro  aiwavd  from  $30 
to  $100. 


■100ton».|  Oro  produced  valued 
I  al$:t5  per  ton. 

500  toiu*.  I  Vahie  of  ore  pro¬ 
duced  $20  to  $25 
per  ton. 


Some  of  the  operating  companies  in  the 
Silver  Roof  district  were  close  coi’po rations,  and 
it  is  difHcuIt  to  ascertain  what  was  paid  in 
dividends.  Tho  amount  has  been  variously 
estimated  from  $900,000  to  $1,300,000. 

ORE  DEPOSITS. 

OCCUTIBEXCF.  AND  CUABACTEB. 

The  workable  oro  deposits  occur  in  tho 
“Painted  Desert  formation'’  between  tbo 
Sliinnrunip  conglomerate  and  the  massive  rod 
Kanab  sandstone  of  Huntington  and  Gold- 
thwttit.  In  tho  vicinity  of  Silver  Reef  the 
lower  200  to  300  feet  of  tho  “Painted  Desert 
formation’’  consists  of  weak  shale  and  sand¬ 
stone,  which  have  been  deeply  eroded  and  un- 
lierlie  Leeds  V alloy.  Overlying  this  shale  series 
is  a  massive  sandstone  vnrjing  from  reddish 
to  gi'ay,  wliich  outcrops  as  a  rather  prominent 
ridge  (Butto  Rccfb  Between  this  sandstone 


~  „,  r.  v  <5irvER  BEEF  RISTIUCT 

B.  VIEW  U)0K1NG  SOUTH  ALONG  HACK  SIX)1'E  OK 


A.  SPIiCIMEN  OFCIjYY  CONGLOMEHATE  ORE.SILVER  REEF  DISTRICT. 
Vi.iw  poiuUcI  lo  licJiling. 


U.  8.  OEOLOOICAI/  SURVEY 


PROFKSSION'AL  PAPER  III  PLATE  ILVIll 


SILVKR  RKET  DISTRICT. 


587 


ilhe Buckeye  Keef  is  about  100  feet  of  shaly 
Overlying  the  Buckeye  Beof  is  about 
jQ  feet  of  shale,  overlain  by  the  relatively  mas- 
srtgr*y  saiulstone  of  tho  ^^^lit0  Reef,  which 
o»tcrop9  prominently  for  several  miles.  Bc- 
l,»«n  WWto  Reef  and  the  Kanab  sandstone 
of  Huntington  and  Goldthwait  are  several  hun¬ 
dred  feel  of  weak  shales  whose  position  is 
Biffkod  by  tho  lowland  between  tho  reef  and 
•hasandslouo  cliff.  (See  PI.  XLVII.) 


Tile  dip  of  the  bods  necessarilv  varies  from 
point  to  point.  West  of  Leeds,  where  the 
reefs  are  nearly  parallel,  the  dip  is  20°-40°  W., 
but  to  the  north,  where  the  beds  swing  around 
tho  nose  of  the  anticline,  the  dip  changes  from 
west  to  north  ami  becomes  much  less.  It  is 
also  state<l  that  tho  dip  varies  somewhat  with 
depth.  On  tho  East  Roof  tho  conditions  arc 
es.seiitidlly  similar  to  those  to  the  west,  except 
that  tho  direction  of  the  dip  is  reversed. 


Fiointi;  00, — diagniEii  showing  rototionaol  tho  fortuu(lon.H  nec.r  Sliver  Rcof. 


„  of  Lce<ld  and  thence  southward  the 
’  ere  nearly  parallel,  hut  to  the  north, 
**  turn  eastward  in  passing  around  the 
of  the  anticline,  they  gradually  separate 
I  vhero  they  pass  beneath  tho  surface,  ‘are 
*^’*ral  hundred  feet  apart.  Where  they  rcap- 
P®  ^be  oast  side  of  the  anticline  they  are 
uJstinct  and  arc  generally  spoken  of  in  cora- 
^**tioa  es  the  East  Reof,  though  they  have 
forked  and  can  doubtless  be  traced  as 
j  I*  strata  or  reefs.  The  relations  of  the 
aUons  are  generalized  in  figui’O  66. 


As  seen  on  the  surface  and  in  tho  accessible 
mine  workings  one  is  rather  irnpressod  by  tho 
lack  of  extensive  faulting  and  lissuring.  The 
rei>orts  of  those  in  charge  of  operations,  how¬ 
ever,  indicate  that  fissuring  and  minor  faulting 
are  of  common  occurrence.  Rolker'  states: 

Slip*  a/e  frequently  met  in  the  producing  sandstone 
beds.  Some  of  these  f>lipa  are  caused  by  very  fine  fi.«ure.s 
or  cracks,  as  fine  tis  a  sharp  blade  of  a  knife.  They  some- 
timee  lhrt>W  the  ore  into  the  ovez  or  underlying  tbe<ls] 
jmKlin  ing  side  l)raiK'h.  In  some  cases  they  .al.si  t  aiisu  the 

I  Roller,  C.  M.,  Thi*  sll'-cr  sjnditone  dlstrk't  of  Utah:  Am.  Injt. 
Mia.  Ku,;.  Tr.ui.'!.,  vol.  0,  p.  29,  ISSl. 
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dilver  »o  pinrh  cml  entirely.  Often  they  are  also  the 
Irdilcra  to  a  no\r  depori*.  Fatilta  are  met  with,  which 
iLrow  thfl  nlvor-beariag  stratum  from  a  few  incliea  to 
j«vcrol  fwt  MTlhia  the  same  line  of  bedding.  'Ihe  fault¬ 
ing  lines  are  usually  tilled  ant  aith  clay,  and  they  gener¬ 
ally  contain  silver.  Tlia  faults  and  slips  occur  in  all  the 
suncs.  1  append  a  sketch  of  (wo  typos,  figure  C7  being 


l•■IoosK  (17.— FnultlDK’,  Uuckoya  mlno.  AtterC.  U.  IColker 

from  the  riiickoyo  mine  and  figure  GS  from  llio  Last  <  hance 
mine. 

The  silver  mltilion  seems  m  have  left  it.i  trace*  in  some 
of  Iheso  faidliiig  lines,  being  prevented,  of  o^urso,  from 
iuiprcgnaliiig  the  imitiodialo  sides  by  the  clay  lining, 
until  ithiuud  an  easily  permeable  stratum  above  or  below. 
Tho  faulting  lines  were  formed  during  and  after  the  lilting 
took  place  and  previous  to  (he  silver  deposition. 


I'U.Uaa  'V*.— FiuiI'.UjK,  lost  CHjiico  mine.  .VtliirC.  M.  RolVitr. 

Thu  central  portion  of  the  P.uckcyo  Root,  on  ile  weal 
braiieb,  shows  for  nixiiit  COO  feet  in  length  a  reverse  dip 
(to  the  east),  foiming  acomplelo  curve,  following  the  bed  ^ 
down  on  il.a  dip,  and  showing  the  upper  portion  of  Ibis  I 
curve  laiiltcil  -(0  feet  off  to  (he  west.  In  the  Kinncr  , 
mine,  iu  o!io  iilttee  it  shows,  besides,  a  doubling  up  before 


Fioubk  00.— Stroctiirool  BtKkeyo  Reol,  Klnnermu-o,  Atk-r 
O.  M.  Rolk*r. 

it  a'vuiim\s  the  regular  west  dip.  as  is  iuiUeate-l  in  the 
aci  ompanyiiig  .skeleU. 

Thu  occ  occurs  in  irregular  shoots  at  different 
po.sitiona  witliin  tiio  “reefs,”  and  it  pinches  i 
anti  swells  along  tho  dip  niid  strike.  (See  fig.  I 
70.)  Much  of  the  rich  ore  is  associated  with  ; 
earhonized  vcgotuhle  remains,  either  stems 
(5  to  8  inches  iu  diunieter  luid  several  feet  lonw 


or  small  riishliko  bodies.  (.See  PI.  XLVllI,  C.) 
Tho  plants  liave  ordinarily  been  partly  silicified 
and  partly  carbonized.  Some  of  the  larger 
fragments  have  been  largely  replaced  by  silica, 
and  iu  these  the  silver  content  is  said  to  be 
small.  On  the  other  hand,  ilio  highly  car¬ 
bonized  pliitits  aro  favorable  localities  for  the 
precipitation  of  minerals. 

Not  all  the  ore,  howover,  is  closely  ossoei.'itcd 
with  plant  I'emains.  Considerable  sUvor  has 
been  obtained  from  a  peculiar  eonglomerato 
consisting  of  a  sandy  matrix  containing  flat 
iontieular  lenses  of  clay  shale  whose  length 
ranges  from  a  small  fraction  of  an  inch  to  .3 
inches  and  whose  thickness  is  uniformly  much 
less.  Tho  lenses  aro  flattened  in  the  plane  of 
tho  stratification.  Tho  lenses  show  pronounced 
slickcnsidhig  where  broken,  and  have  appar¬ 
ently  resulted  from  tho  flattening  of  more 
•spherical  bodies.  Tho  silver  mineral  is  ap¬ 
parently  present  both  in  the  sandstone  matrix 
and  on  tho  sliokensid^d  faco.s  in  the  clay 
lenses.  (See  PI.  XLVlIl,  A.) 

Silver  is  also  obtained  from  “soapstone,” 
a  rather  thin  stratum  of  shale  or  <’Iay  that  has 
been  slightly  sheared  in  folding  and  is  com¬ 
posed  of  small  lenticular  bodies  bounded  by 
shekensicio  faces.  In  some  loojilitics  this  clay 
material  can  bo  broken  to  minute  fragments, 
each  bounded  by  sUckensido  faces.  Tho  ore 
minerals  apparently  lie  along  the  s’lickcnsido 
planes. 

Much  of  tho  ore  is  said  to  have  been  sand¬ 
stone,  not  differing  greoitly  from  tho  normal 
sandstone  of  the  “reefs.”  The  mineralized 
sand  rock  is  usually  composed  of  rather  tliia 
lamellae,  is  iron  stained,  and  contains  nodular 
masses  of  clay  and  iron  that  are  said  to  con¬ 
tain  a  relatively  lua-ge  amount  of  silver  and 
other  nodules  that  are  composed  largely  of 
iron  oxide  comonting  quartz  and  strongly  sug- 
ge.sting  altered  ppite.  Massive  hods  of  sand¬ 
stone  inclosed  in  these  “shoots”  aro  said  to 
bo  commonly  too  low  in  .silver  routont  to  bo 
of  commercial  value. 

Holker '  gives  the  following  description  of 
the  reefs : 

The  reel's  themselves  are  made  up  of  wliityi-gray  and 
red  to  reddisU-bn>wn  sandstones,  and  between  tlio  Teets 
lie  beds  of  clay  ehalc,  varying  in  color  from  bluo  to  green 
to  cinnamon  brown.  The  ore  occurs  ia  siinilnr  strata  of 


*  Op.  clC,  pp.  Jt-l'i. 
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wid  clay  fh«le.  The  roof  i.-i  ''onernlly  marked 
micaceoiis  nand^toiio,  while  the  lli>or  la  made 
an  arenaceoM  nanJstono  of  a  whilwh  color,  with 
*aad8  underlying.  Tlie  outcrop  of  Iho  ore 


less  frequently  v(^etablo  remains  than  tho  remaining 
portion  mud  the  WTiite  Reef,  and  in  parla  thoeo  rcniains 
sro  uheent.  In  olhor  parte,  and  thia  hoida  true  for  the 
whole  district,  wo  find  the  producing  sandstono  beds 


0  .  .  io _ 2? _ 

Rio vaa  T9.— Vartlccl cnMs serUan at  Laxt Cbonrcmint, 


JBuked  on  the  cast  faeo  of  the  root,  with  the  cxcep- 
rcol  these  places  where  the  former  upss  of  tho  reef  hu« 
We^n^ed  off,  as  in  portion*  of  the  Uuckeye  Reef  ou 
ui  BorthTcst  side  of  the  horseshoe.  The  ore  is  liy  no 
i..a!j  eonfined  always  to  one  1>cd,  but  ft  fs  limited  to  a 
slyxirmnc  of  from  30  to  DO  feet  wide,  horizontally  moa<- 
■ntd,  tod  anywhere  within  this  belt  the  horn  silver  is 
IbUs  to  be  found.  As  a  nilo  it  is  more  concentrated  iu 
Wtnn  layers  (beds'}  of  this  belt,  but  in  places  it  is  so 
Mttood  u  to  bring  tho  gnKle  down  to  a  urdfolm  ^10, 
^.diaipm^rntdoasnotpay  to  work.  Frequently,  also, 
I  aoo)  ia  thrown  in  consequence  of  very'  fine  slips  from 
t*d  into  another.  Bence  the  giving  out  of  the  ore 
‘ace  bed  is  not  exactly  a  discouraging  fact,  for  a  cross- 
n.ai4y,  and  very  often  docs,  prove  it  to  have  jumped 
*)  i  loweror  higher  bed,  respectively.  1  n  other  wonis, 
srgwitaOTus sandstono  belt  is  compound  in  stnicture. 
*  producing  branchos,  two  or  three  in  number,  nin 
er  in  places,  at  lea**!  two  of  them  do,  and  then 
continue  for  long  distauce.s  with  barren  strata  be- 
X’M  **'  thickness  from  3  to  15  and  even 

III  .  depth,  or  following  the  dip,  they 

well  their  own  ground,  but  I  have  no 
^  Ti  ^  considered  two  and  three  separate 
li«  ffreater  depUi  form  but  one  bed  throughout. 

«c*U  hr.inches  in  all  the  mines  change  occa- 

■««l»l^  *■  ^tidstono  to  a  clay  shale,  even  in  Uie 
^■>tkir»  portions  of  the  reef,  especially  the 

portion  of  the  Buckeye  Reef,  ntid  thn 
’>^  cenir.il  portion  of  tho  White 

•’d.^o  *  P^POfdenmce  of  clay  shale  and  aTgillaeaous 

tsaratT'  Ostler  strata  are  also  found  in  some  of 
Of  (ij  of  the  WTiite  Reef, 

it  1^  I*  clayish  or  argillaceous  the  sandutonu^ 

produced  in  the  mill.  The  wnithern 
0  fhe  middlo  i^rtion  of  tho  Buckeye  Reef  show 


I  underlaid  by  a  stratum  of  highly  aigillaceous  sandstones 
I  of  variable  thickness  of  from  10  inches  to  2  feet,  which 
I  carry  much  silver,  and  frequently  show  solid  sheets  of 


g  sp _ 1^0 _ uo _ frev 

FlocnE  71.— LongHudlnsl  iscdaa  ot  w(irkii>gs  of  Last  Choncr  mine, 

projsctcd  at  pbne  at or<  twd.  AttcrR.  P.  Rothucll. 

horn  silver  along  the  scams  of  the  thickness  ot  a  knife 
blade.  I  have  kiioivn  snch  scams  to  mill  right  along 
from  5C0  to  §130;  unfortunately  their  occuirenco  ia  not 
as  frequent  ns  might  be  wished. 
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The  ore  ilj-elf  is  what  Lh  know-n  as  ceniiT?yrite  or  chlorkie 
of  ailvor,  whicli.  however,  below  tnie  water  level  w'lH 
change  to  the  sulphuret  of  silver,  with  native  rilver  in 
places.  Of  the  latter  change  two  indications  have  been 
met  with.  X  tealol  sample  yielded  in  a  certiiin  mine 
only  65  per  cent  of  chloride  of  silver.  This  proportion  will 
dccTease  in  the  ratio  as  water  level  is  patsed  and  the  ore 
gets  more  otilaido  of  the  reach  of  walera  charged  with 
oxygen  and  chloride  of  sodium.  The  grade  ol  tho  camp 
iH  probably  -5211  to  ?2.i,  though  I  have  mined  portions  of 
beds  which  averaged  right  along  $3.5  lo  $5.5,  and  other!! 
run  an  low  aa  |14  to  $17;  and  at  tiroes  even  $3  and  110. 

Wo  find  in  tho  same  line  of  bedding  strata  holding 
pctrifa<,’tionii  from  6  inches  to  3  feet  thick,  which  contain 
no  silver  ore,  while  ahovo  and  below  it  silver  ia  found  in 
goo<l  pcrinanciit  gratles  in  strata  sliowing  a  scarcity  of 
vi^jouhlo  rernains.  Again,  1  have  seen  a  atnitum  when* 
tho  upjier  2  ivofiiyo!!  aliout  $30,  then  6  inches  assay¬ 
ing  $100  or  more,  then  1.5  inches  b.srren,  end  below  it  a 
layer  of  $20  rock,  all  of  the  strata  being  full  of  petrifactions. 

Another  fiixiuenl  occiirmuce  ia  a  foot  or  2-foot  s*ratn  of 
sanilstono,  fall  of  pofrifiicLinti.s,  charged  with  red  oxido  of 
coppo.'’,  awirilo,  luid  mr.laohile  to  somu  extent,  and  tuny- 
ing  no  silver,  while  below  it  gotsl  twying  ores  were  found 
free  (rein  copper,  nr  in  phices  barren  rock.  Such  a  copper 
cap  li;!H  always  been  found  a  good  iudication  for  an  ore 
body  near  by,  and  drifts  which  I  starttd  on  this  indica¬ 
tion  have  since  opened  finely.  \a  another  laattur  of  in- 
tcToft  r  touml  tho  scauis,  in  which  the  vegetable  remairLS 
are  covered  with  .uitmiite,'  which  ia  quite  frequent  around 
the  tiiid  shaft,  »nd  the  two  carbonalisi  of  copper,  unpro¬ 
ductive.  with  pay  seams,  frequently  above  and  below 
them. 

.\s  (o  the  occTirrencc  <>(  cojjpcr  in  the  silver  beil  I  have 
observed  a  curious  fcu.-t.  If  the  copper  present  he  aznrilc, 
or  a  grassy  green  looking  nralocbite,  the  xmount  of  silver 
in  tlio  bed  will  iliminish,  and  it  isn  bad  indication  for  the 
life  of  thin  particular  shoot.  If  the  copper  presents,  how- 
ovor,  a  p:ilo  bnt  lively  green,  with  a  bluish  shade  in  it,  aa 
wc  ofUm  find  the  str.in  on  quartzy  erw,  it  invaruibly  im- 
prr^ves  the  grade  of  the  silver  ore. 

Other  objects  of  interest  in  the  beds  are  oocnisioual 
pieces  (if  t'Cgctable  matter  changed  into  lignite,  some  of 
which  will  lusiay  high  in  silver  and  others  again  he  free 
from  it.  They  are,  in  instances,  ciatcd  with  native  bilver 
and  also  intcrgrowii  in  cii-scs  with  pjTiles,  holding  a  very 
sD3ui!  amount  of  copper.  In  places  trunks  and  branches 
of  trees  are  found,  some  of  which  assay  well,  while  others 
do  not.  The  bilver  is  not  alone  limited  to  tho  outside 
bark,  but  1  tried  pieces  from  the  very  interior  of  «iu:h 
br.iuehes,  which  I  carofiilly  wished  uud  scrubbed,  and 
they  >delded  as  high  as  $40  iu  sib-er.  I  also  noticed,  In 
the  Iliiekcyc  Reef,  aC-inch  seam  of  j.asper,  resting  between 
sandstone  and  cbi)'  shale. 

R.  P.  RotiiwcU  -  descfibes  the  occuiTenco  of 
tho  ores  as  follows; 

'I’ho  ailvor  occurs  iw  chloride  and  sulphide  and  ikcu- 
sionnlly  (U*  native  silver,  d»*cniinated  through  the  more 
porous  and  fissured  bods,  and  eapiv-jally  in  tho  bedding 

>  TbU  minrnJ  b  I'mllity  rarinUtc. 

»  Tho  Silver  Reef  district,  iiuUwm  Vl»h;  Enj.  and  MIo  Jour  "ot 
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and  fracture  plaiuw  of  the  sandstone,  and  .coating  the 
bright  “slipitod”  surfaces  of  the  hard  shale  beds- -locollv 
known  a-s  soapstone — where  these  beds  have  been  dis¬ 
turbed  and  crushed,  ^^^lcrcver  tho  shale  ia  compact  and 
luTfl  not  been  crushed— that  is,  wherever  it  remains  in  a 
condition  in  which  water  could  not  pass  tlirough  it— it 
contains  no  silver.  And  wherever  the  sandstone  beds 
becomo  vei-y  b:u-d,  compact,  and  unfissured  they  appear 
to  become  poorer,  iind  the  uilver  ia  confiiiod  more  largely 
lo  the  bedding  planes.  The  silver,  that  at  some  depth 
below  tho  Hiirfice  was  distributed  with  more  or  less  uni¬ 
formity  throughout  the  ore-bearing  bed,  appears  to  collect 
in  the  planea  between  the  beds  ns  theao  approiich  the 
outcrop,  giving  the  appearance  of  the  silver  “vein,"  eo 
called,  having  split  up  and  tome  to  the  surface  aa  thin 
leiulera  or  stringerg  of  very  rir  li  ore,  This  is  not  only  the 
well-rt-cognizcd  condition  of  the  silver-bearing  beds  every¬ 
where  nrr.ir  their  outcrop,  bnt  it  is  the  condition  we  should 
miturally  expect  from  tho  mineral-bearing  solution  col¬ 
lecting  in  the  bedding  planea,  as  Ibese  offered  more  avail¬ 
able  chinnols  near  the  K.irface. 

It  ia  quite  evident  thnt  tho  silver  we  now  find  cc«ting 
tho  pulL“bcd  Burfocos  of  the  crushed  slinlea  and  filling  the 
cracks  and  crating  the  surfaces  of  the  fossilized  (petrified) 
w'rx;d  frequently  found  in  the  .samdstonci  beds  niu.Ht  have 
come  there  after  these  Bubslancee  bud  assumed  their  pnsi- 
ent  conditions.  We  may  thoreforo  exjicct  to  find  in 
future,  as  has  liecn  louud  tlius  fur,  that  the  conditions 
which  koiliUte  the  percolation  of  the  silver- bearing  solu¬ 
tion,  where  the  rocks  contuinefl  siiiluble  precipilants,  will 
favor  tJic  occurrence  cf  ore,  and  tlie  rocks  beciimiag  com- 
iwot,  hard,  .Hid  nubroken — conditions  which  would  nat¬ 
urally  impede  tho  percolation  of  water— will  be  found 
unfavorable  to  the  occurrence  of  rich  ore  bodies. 

The  occurrence  of  lire  in  thc.so  sandstone  beds  is  ex¬ 
tremely  capricious,  as  might  be  expei.'ted  from  the  method 
of  deposition  eupgwied.  It  occims  in  numcrons  chimneys 
or  chutes,  and  ha»  collected  iu  ]K>rtion9  of  the  beds  where 
fcrmginous  or  carbonaceous  matter  appears  to  have  at¬ 
tracted  it;  yet  copper,  which  in  many  places  stains  the 
roclcs  green,  seems,  on  the  contrary,  to  be.  an  unfavorable 
indicition  for  silver. 

These  ore  chinmej-s  .ire  sometimej  small  and  at  other 
dmcj  they  arc  several  hundred  feet  in  horizontal  length 
iu  the  bed.  The  ore  at  their  limits — sometimes  suddenly, 
srunctimes gradually— disappears,  while  the  ertndstoiie  bed 
frequently  continues  apparently  undisln/bed;  in  the 
former  case  it  is  generally  noticed  that  tlio  bed  ia  croared 
by  a  tlwuro,  and  it  has  sometimes  been  found  fliat  the  ore, 
wliich  up  to  the  fis-siire  impregnated  one  divusion  of  the 
bed,  will  pas.1  up  or  down  and  continue  beyond  it  in 
another  part  of  the  bed,  or  will  pass  completely  into 
another  bed.  Consequently  it  is  necensory  lo  “cross-cut’ 
quite  fretjuoTitly  in  pnispccling  in  ordei'  lo  ascertain 
whether  the  otc  which  has  disiipjieared  from  one  bed  may 
not  he  found  in  a  neighboring  one  wliich  at  another  point 
may  have  been  quite  barren. 

Tho  (diver,  though  occurring  chiefly  in  n  few  easily 
recognized  beds  in  each  reef,  ia  by  no  means  eonfiufjd  to 
these;  in  some  of  tho  mince  it  is  found  in  paying 
quantities  in  only  one,  in  other  places  in  two,  tlu-cc,  or 
four  beds,  while  several  of  the  other  seams  of  sandstone 
contain  small  quantities  or  traces  of  the  metal;  and  in  those 
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in  certain  divisions,  Cirrry  pnyin"  quantifies  of  sil- 
ijia  h^lencn  aiillnd  contains 

nodnlw  »nd  pccketa  of  ore,  .and  is  broken  up  and 
io  tho  mines,  producin>'  an  inij>ortant  part  of  the 
yefflilled.  It  Ihereforo  happens  that,  while  the  diinen- 
,io»o(lborich  portions  of  the  bod  may  be  small,  per- 
1^  j  9  or  3  feet,  yet  as  much  as  Sort!  ieetofinterme<liiit@ 
uov«!ying  poorer  rock  will  contain  sudiriertt  rich  oro  in 
Iteai  Denies  to  make  it  profitable  to  break  it.  down  and 
jjjtit.  This  leoture  is  observed  in  all  the  mines  of  the 
^,»ndoccewit.ate3  theexercise  of  judgment.,  guided  by 
j^quent  usays,  to  estimate  fairly  the  yield  of  ore  in  the 
MOt'cs.  It  isevident  that  a  asimple  taken  over  the  entire 
jicbaBi't  rock  which  it  pays  to  take  dowTi  wouhl  give  an 
j^y  w  fcw  ns  to  ni.ake  it  appear  worlhlesi;  yet  perhapis 
(ir^iid  of  the  bed  would  give  n  high-grade  ore,  and 
iSDiaiiung  two-thirds,  yieldiug  extremely  rich  oro  ia 
0Uir»-stamcd  nodclcs  and  in  plant  impressions  (Ktuch 
ralibeivoidod  in  taking  a  sample),  though  apparently 
gfliltle value,  will,  in  reality,  yield  uoarly  as  much  silver 
udM one-third  from  which  wo  obtained  a  good  »nay. 

In  the  last  Chance  mine,  and  also  in  the  Buckoyo  mice, 
utpUces  where  it  p;iy.-»  to  mine  out  the  bed  to  the  height 
10  to  14  feet;  yet  a  sample  of  this  entire  tliickness  would 
jiTCM  low  a  retuni  that  the  whole  bed  would  be  rejected. 
HfTMllitlfas,  by  the  exercise  of  skill  iu  sorting  the  ore,  a 
'ji^  imourit  of  good  ore  is  obtained  from  portions  of  tho 
bid  which,  according  to  t.iie  sample,  would  be  worthier. 
Iiideed,  for  this  reason  it  is  found  that  the  sample  atrays 
hil  of  these  minve  run  much  below  the  actual  mill  returns 
h  a  the  Mae  ore. 

F.r  ihfl  rc:;>om  alrcraly  stated,  the  ore  chimneys  seem 
ilsksi  u  rapriciuiis  in  their  vertical  i'.a  in  their  horizontal 
■tiwMions.  Meverthelws,  where  exploration  has  been 
K'Btinued,  either  in  depth  or  horizontally,  other  chutes  or 
diianeyi  have  geocrally  been  found  within  a  short  dis- 
iKce.  Asnone  of  the  mines  have  exceeded  a  fewhundred 
StHin  verdcal  depth  f tho  deepest  mine  in  Ihe  district  ex- 
teni  SOO  or  800  feet  on  Ihe  bed  fitmi  the  outcrop  to  the 
kepM  point  opened — a  vertical  depth  below  the  surface 
jfpffhaps  ZOO  foot),  the  question  of  the  continuation  or 
^'v'nrsnce  of  ore  bodies  at  a  gn?at  depth  is  an  open  one. 
UdzUsoillcicnt  to  base  »u  authoritati\'e  opinion  on  bav- 
jet  been  sCforded,  tirough  the  past  experience  seems 
Jo  prove  that  no  depth  yet  attiined  has  exercised  any 
h.urotts  iDfluou(e  upon  tho  richne,‘»  of  the  ore. 

Tho  Work  already  done  on  tho  silver-bearing  reefs  has 
bBy  demontitralcd  that  tlio  ore  is  more  abundant  and 
titker  at  certain  points  than  at  others,  and  a  most  careful 
of  each  particular  property  is  necessary  to 
wttiine  its  v'atuo;  for  while  the  rocks  which  contain  tho 
Ware  as  continuous  as  other  sedimentary’  beds,  the  occur- 
of  pay  in  them  Qpj)ear8  to  be  subject  to  the  s.umc 
^  ianditioDs,  and  accidents  which  have  govcme<l  the 
‘*f<«ition  of  similur  ores  in  fissure  veins. 

The  following  description  of  tho  occurrence 
in  the  Barbee  nnd  Wulkor  mines  by  W. 
•Nesbit  is  given  by  Jcnnoj’i' 

't'.  I'.,  Tlio  cltMtiJstry  ot  ure  deposit*:  Am.  lust.  Min.  tnR. 
*l,p.«<,  1905. 


Vialsmi  M.  Nesbit,  who  was  connected  with  mining 
opcr:itionj  at  Sil  vor  Ileef  from  1878  to  1.888,  gives  the  author 
the  foUotving  statorueat  of  the  manner  of  occurrence  of  the 
ore;  In  the  Beri>ee  and  Walker  mice,  water  was  st  ruck  at  a 
depth  of  about  500  feet  vertically.  NVar  that  jxtint  the  ore 
changed  in  appearance  and  character,  and  gave  great 
tronhle  in  ani.vIg.iiji3tion,  the  extraction  being  very  low. 
Theore  w:i8  treated  hot,  in  pans;  a  thick  sciuu  rose  on  the 
pans,  like  ha^vy  petroleum  oil,  and  had  to  bo  removed 
Irom  time  to  timo  during  the  amalgamation.  From  n 
I  ch.aige  of  1 J  ton.s  of  oro,  a.s  much  as  a  gallon  of  this  oily 
material  would  be  obtained.  The  ore  at  water  level,  if 
carefully  stoped,  averaged  12  to  16  ounces  of  silver  per 
ton;  but  only  a  psirt  of  the  silver  could  be  saved  in  pons. 
A  very  tilde  pyrite  opijcared  at  water  lovd — tho  first  hscu 
io  Ihe  mines.  About  100  to  200  feet  above  water  level,  on 
Ihe  slope  of  tho  beds,  the  ore  was  in  places  very  rich;  and 
small  bunches  of  ligailo  coal,  4  to  10  inches  across,  were 
found  enrbedded  in  the  soft  ictnilstone,  with  native  ailver 
deposited  in  thin  scales  on  the  joints  of  the  coal.  Must  of 
the  Ore  nt  this  depth  was  ail  ver  sulphide.  At  one  place  a 
tree  inink,  18  inches  in  diameter,  was  found;  tho  heart' 
wood  w:i3  silicilied  and  very  hard,  and  carried  8  U)  10 
oiincxs)  of  silver  per  ton.  The  sapwood  and  bark,  3  to  6 
inches  in  tliicknc.-*,  wore  allerwl  to  soft,  cnimbling  lignite, 
full  01  silver  sulphide;  it  ai«iyed  5,000  ounces  of  silvcT  per 
ton,  The  ores  fiviai  tho  Silver  Reef  mines  never  showed 
sny  gold  by  assiy;  but  iu  leaching  Ibo  oro  by  the  Rursell 
priiiceas,  the  silver  sulphides  produced  contained  a  trace 
of  gold. 

.MINERALOGY. 

Tho  mineralogy  uf  tho  ores  is  relatively 
simple.  In  tlio  upper  parts  of  the  ore  bodies 
practically  all  the  silver  is  in  tho  chloride, 
cernrgyrito  (horn  silver).  Some  parts  of  tho 
reefs,  especially  of  the  East  Reef,  contain 
copper  carbonates  in  small  amounts;  Mr. 
RoUcer  reports  autunite  in  the  Gnd  shaft;  and 
the  writer  found  a  small  amount  of  a  yellow 
uranium-vanadium  mineral  that  resembles 
ciirnotite.  Mr.  Don  Maguire  has  kindly  fur¬ 
nished  the  writer  with  a  specimen  fiom  the 
Buckeye  Reef,  containing  a  yellow  uranium 
mineral  together  with  blue  and  green  earbon- 
ates  of  copper.  D.  B.  Huntley  also  reports 
the  presence  of  a  uranium  mineral  from  the 
Tecumseh  mine,  as  follows:' 

The  following  peculiar acdon  of  the  bullion  was  noticed 
in  this  district,  and  especially  at  the  Christy  mill,  when 
working  on  TorunMoh  ore,  which  conlaimd  a  num¬ 
ber  of  mmutn  yellow  specka.  After  the  bullion  was  poured 
from  Ui«  pot  into  tho  mold  and  had  apporontly  Bc.Iidified, 
it  would  begin  to  iwell  (aot  aproiii)  and  rise  ulowly  in  the 
mold  until  the  spongy  surface  waa  from  3  to  4  iucbca  above 
the  firel  aurface-  Tl>«  inelier  aotkod  that  this  ac  tion  was 
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priivcriicd,  •<!  a?.  Iraar.  diniiiiu'hcd,  hy  keopin?  tlic  molten 
silver  in  Jie  pot  a  consulcral'le  lime  bw’ore  pouring.  A 
pornin  said  P*  1h;  coniiwlcd  with  the  kil»ora‘ery  of  Uam" 
illoii  College,  New  York,  while  vTia'inp  at  Silver  iteef, 
took  .HOiae  saniplcn  of  these  yellow'  ores,  and,  on  returning 
to  Iho  EwI,  rciioTied  that,  they  eontair.eid  phi»phatc  of 
tiraniuni  This  frttlcment  hx«  not  liccn  authcnlieat4?<i, 
hut  is  given  for  what  it  may  he  worth. 

llycfoiia  iron  oxido  is  ruUicr  unifornily  pres¬ 
ent  witli  tlic  silver  ores  niid  is  iil>iiridnnt  in  ii’.iMty 
of  tlic  richer  ones. 

It  is  i'onnmonl3'  ropork'd  thnt  below  witter 
level  both  t!ie  silver  and  c»ppcr  are  present 
mainly  ns  stilpiiides,  with  a  little  native  silver. 
Xowberry,'  Itowovcr,  states  that  the  average  of 
four  analyses  of  silver  ores  showed  0.23  per  cent 
of  selenium  and  0.26  per  cent  of  silver,  wliieli 
would  suggest  that  part  of  the  silver  at  leiust 
may  bo  combined  in  some  form  with  seletiium. 
The  (ibiindajicc  of  hyvdrous  iron  oxides  iu  the 
oxidized  ores  indicates  some  iron  iu  tho  unoxi- 
dized  ores. 

It  seems  to  be  the  general  oxpcricneo  of  all 
who  worked  in  tho  district  that  abundant  cop¬ 
per  imliciites  rnlativcl}'  low  silver  eouleut. 
Jiolkor's  statement,  b.owever,  seems  to  indicate 
sonic  exceptions  to  this  rule. 

EXTENT  AND  liKPTlI. 

'Hu!  important  mineralization  thus  far  dis¬ 
covered  is  within  about  2  miles  of  the  uorthtMTi 
end  of  tho  reefs.  Tlio  sumo  formations  can  be 
followed  for  many  miles  southward,  and  it  is 
rcptirtoil  thnt  at  numerous  localities  a  low  con¬ 
tent  of  silver  has  been  found,  though  nowhere 
sullicicnt  to  be  of  economic  imjxu'tnnce. 
Newberry  states  tliat  sandstones  at  e.sson- 
tially  the  same  horizon  in  the  vicinity  of  Cedar 
City  contain  silver.  Tlie  most  promising 
locality  next  U)  tho  Leeds  <lisLrict  seems  to  Imj 
in  the  vic.bily  of  Viigin  City  on  North  Creek. 
Tliis  locality  was  not  visited  and  no  description 
has  boon  found  in  tho  literature,  but  from  com¬ 
mon  report  tho  occurrence  is  apparently  similar 
to  that  at  Silver  Jleef. 

The  maximum  distance  on  tho  iucliiio  to 
whicli  the  ore  beds  have  been  followed  is  alnnit 
1,01X)  feet,  in  tho  Maggie,  California,  and  To- 
cumseh,  on  tlio  Buckeye  Reef.  At  that  dis- 
taiico  fi'om  the  outcrop  the  bods  are  little  more 
than  l.'iO  feet  vertically  below  tho  surface.’ 


On  the  d'hompson  and  McNally  claims,  on  the 
Wliite  Reef,  vertical  depths  of  24.5  feet  were 
attained  at  a  distance  of  560  feet  on  the  incline 
outcrop.’ 

No  detailed  information  us  to  the  relative 
output  from  different  depths  on  the  reefs  is 
available,  but  it  is  probabl}’  safe  to  sa}'  that 
by  far  tlio  greater  part  of  tlie  silver  came  from 
within  500  feet  of  the  outcrop  and  within  150 
feet  of  the  surface. 

On  the  Buckeye  Keel  water  was  reached 
in  some  of  the  mines  a  few  feet  below  the  sur¬ 
face,  and  it  is  reported  that  in  wet  seasons  the 
shafts  arc  filled  with  water  to  the  surface.  The 
flow  of  water,  however,  d<ics  not  seem  to  have 
been  gi-eat. 

The  failure  to  follow  the  ores  to  greater  depths 
is  not  readily  explainable  at  tins  late  dale.  It 
i.s  variously  ascribed  f  n  the  refractory  character 
of  the  ores;  to  the  added  costs  of  work  and  of 
pumping  at  increased  depth;  and  to  a  de.eivasc 
in  silver  content.  Though  each  of  tlit«e  fuctore 
doubtless  increased  the  cost  of  production  it 
seems  reasonably  certain  that  a  material 
decrease  in  the  silver  content  at  depth  was 
the  main  cause  fop  the  abandonment  of  the 
deeper  workings. 

The  principal  mines  on  the  different  reefs  iu 
1880  were  given  by  Huntley  ‘  as  follows  from 
north  to  soutli: 

\yhite  Reef:  Barbee  &  WiJker,  Pinklmm  and 
Dodge,  Leeds,  Thomi>son  and  McN'ally,  and 
Gisborn. 

Buckeye  Reef:  Silver  Flat,  MunhuHnii. 
Tccuraseh,  Kinner,  Buckeye,  Lost  Chance, 
Maggie,  California,  and  Emily  .Jane. 

East  Reef:  Vanderbilt,  Duflin,  Dykes  & 
Stopeley,  ToquervtUe,  Maud,  and  Dixie. 

TENOIt  OP  OKES. 

The  grade  of  the  ore  e.x traded  has  depended 
on  the  possibility  of  profitable  treatment.  In 
the  early  daj’s,  when  tho  ores  were  sliipped  to 
Salt  LaJ^o  or  Piochc,  only  very  high  grade 
material  could  be  profitabl}'  mined.  Later 
a  muol:  lower  grade  was  treated  in  the  district. 
Tho  Director  of  the  Mint  stated  ’  in  188- 
tliiit  for  the  three  ami  one-half  preceding  yeais 
the  Stormont  Silver  Mining  Co.  milled  about 
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50,CC0tons  of  ore  averaging  22  ounces  of  silver  reefs  pu^ss  below  -  /r^ 

per  ton,  and  that  in  five  yea!-s  the  Christy  1^1.  XL\T!.)  ^  present  siir  »  tc-  G  ee 

MuUDg  &  ^lilling  Co.  treated  55,000  to  60,000  might  readilv  wopV 
w  gelding  an  avnrngc  of  27.75  ounc-a.  sandstone  strata 

r,  1  sra  a  V  1  j  ^*ong  thc  crftst  of  tue  anti- 

iatcr,  ore  jnelding  as  low  as  10  ounces  T)er  ton  dine  ana  denosii  <-1  •  a  1  ,  sl 

•11  j  1  a  ,1  111  I  j  their  metid  load  as  they 

Msmiueo,  but  the  average  v'as  probably  con-  reached  areas  of  *' 

■J  ki^  cU  si  a  "  1  -o  .1  and  pressure  or  re- 

.Jmblr  above  tlutl.  .c,«l  "-.tl,  11,0  curbonaccoos  or  olJwf  material 

,n  the  sandstone,  se|e„i„„,_ 


««>^ksks.  as  ao  futiu  u.u  suver,  gold,  and  mercury  ores  in 

_  .  .  ,  ,  .  ,  .  ,  1  arysvnlc  district,  where,  with  much 

The  ongiii  of  tho  ores  m  the  sandstones  has  greater  certainty  they  may  be  attributed  to  an 
kwg  been  discussed,  but  .is  yet  no  general  igneous  origin.  Selenium  is,  liowcvor,  common 
sgreement  concerning  them  has  been  reached,  in  tlie  sandstone  ores  of  the  Plateau  re<Tion 
TheSilver  Reef  deposits  are  the  most  iraportaut  On  the  other  han«I.  it  i«  mportod,  appnvcnth' 
cf  the  1)7)0  in  this  country,  and  about  1880  reliably,  that  the  sandstones  at  lliis  horbson 
ilieir  origin  was  vigorously  iirgucd.  TSvo  ideas  contain  small  amounts  of  silver  over  larfro 
vere  advanced,  one  that  they  were  deposited  oi'cas,  and  it  is  also  known  that  they  carry  "oltl. 
from  gaseous  or  watery  solutions  given  oft  by  (See  p.  034.)  If  at  the  timo  of  the  uplift  and 
igneous  rocks,  and  the  other  that  they  were  folding  of  tho  region,  or  later,  a  circulation 
precipitated,  while  the.  sandstones  were  being  was  sot  up  that  centered  along  the  i-re-st  of  tho 
formed,  by  decaying  vegetable  matter,  from  anticline,  the  niotul  might  readily  have  heon 
the  water  of  a  shallow  sea.  iNIore  recently  concentrated  to  the  oxlsting  extent, 
taotlier  idea  has  been  advanced — that  the  Possibly,  as  snggostod  by  Liiidgron,  cnrich- 
icetals  were  originally  deposited  with  the  sedi-  ment  has  boon  an  important  factor  in  forming 
neats,  probably  largely  as  eroded  mineral  tho  ores  from  argen  t if eroua  chalcocito,  but  tho 
fragiuents  from  veins,  and  were  later  dissolved  writer  has  failed  to  find  much  evidence  of  it. 
mil  reprocipitatod  in  a  moi-e  concentrated  RIcli  ores  were  found  at  tho  surface,  and  mi- 
fonn  by  circulating  wateis.*  Lindgren  also  grntion  of  silver  seema  to  bo  luiiinportaut.  If 
considers  that  the  first  deposits  were  argen-  onrichment  wore  duo  to  the  precipitation  of 
liferous  cliaJcocite  and  that  tho  silver  ores  have  silver  or  silver  suiplvide  011  copper  sulphido 
resulted  from  a  reworking  of  these  deposits.  ores  caiT)Tng  both  copper  and  silver-  would 
The  relation  of  these  deposits  to  the  Leeds  probably  he  found;  the  presence  of  copper, 
wticlinc  leaves  small  room  for  doubt  that  they  however,  is  said  to  indicate,  low  silver  content, 
^ere  deposited  after  the  formation  of  this  If  the  ores  are  related  to  the  sti-uctiirc  they 
structure  in  Tertiary  time.  It  is,  of  course,  were  deposited  near  the  summit,  of  the  nnti- 
fcssible  to  suppase  that  the  relation  is  acci-  clinc  and  for  only  ®  hundred  fent  down 
<fental, but  this  docs  not  seem  likely.  If  this  either  limb;  and  if  several  hunth'cd  foot  of  the 
relation  to  the  structure  is  granted,  trie  ores  were  ore-bearing  beds  wero  removed  from  the  siuninit 
oot  formed  till  Tertiary  time,  and,  of  course,  of  the  anticline  littlo  if  any  ore  wouid  remain. 

idea  that  they  were  deposited  with  the  This  may  explain  the  absence  ot  ore  in  tho 
•diaieiita  in  Triassic  time  is  imtenable.  sandstone  south  of  Ilarrisbiu-g  and  \  irgin  River, 

Whether  the  metals  were  deposited  from  where  several  huncii*^  o  to  roc/s  have 

solutions  given  off  from  an  igneous  magma  or  been  eroded  from  the  summit  o  t  le  anticline, 
concentrated  from  material  deposited  with  tho  rrnE  district 

sediments  is  not  so  easily  determined.  Very 

pronounced  volcanic  activity  took  place  about  Oporalionsin  prac- 

tbofime  of  tlie  folding  of  the  strata  in  Tertiary  tica  fly  abandoned  »in^^  formunyyoorsonlysniall 


as  do  )Jso  the  sily 


FUTURE  OF  the  DISTRICT. 

Onoral  ions  in  the  dist  rict  am  now  prac- 


lune.  Further,  an  igneous  body  has  appar-  operations  have  bPP»  J 

been  intruded  011  the  line  of  tho  north-  (chloridois).  Most  n'gn't^rado  ore  in 

e.\tension  of  the  Leeds  anticline,  a  few  Icnowa  ore-bear'^o  teiritori'  abovo^  water 
north  of  the  point  where  the  ore-bearing  l|.vol  has  certainly  bu<^»  extracted.  is  com- 
'rrrT~~~-“ — - , - -  — ■  ~  ..,iGoiaaiw«ii,  j.  w.,  up.  ea..  o.  ZI». 

Miu»r.ililii|iu«lu,  p.-IHS,  Ntw  York,  IW.  •  KIN'rorUl, 
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morily  stated,  bowover,  by  those  fanailiar  with 
the  mines  that  a  rather  large  quantity  of  rock 
containing  5  to  12  ounces  of  silver  per  ton  re¬ 
mains  in  the  old  workings  and  on  the  ilumps.  | 
If  such  ore  o,vists  it  will  doubtless  bo  treated  at  ^ 
sometime,  and  if  suiricieiitly  abundant  it  could 
be  done  at  relatively  low  cost,  for  electric  power 
could  he.  genm’ntcd  on  Viigiii  River,  and  farm 
pro<luce  is  not  oxces-sively  lugh. 

The  nortbwiiixl  c.vten.sion  of  the  rcots,  whero 
they  pass  beneath  t  he  present  surfaco  and  form 
the  roof  of  the  Leeds  anticline,  s<?cnis  to  be  the 
most  promising  area  for  now  prospecting. 

Urnnium  minerals  were  seen  in  but  small 
quantity  in  the  district.  This,  however,  may 
have  been  duo  to  failuro  to  examine  proper 
places  or  to  lack  of  fuTnilinrity  with  this  class 
of  ore  when  the  district  wu.s  visited.  Future 
operators  should  keep  in  mind  the  possibility 
of  finding  uranium  in  cornmorrial  quantities. 
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SANTA  CLARA  DISTRICT. 

The.  SanU  Clara  district,  in  Waslungton 
County,  is  10  miles  west  of  St.  George.  The 
sand.stotie  strata  of  ihe  Silver  Reef  district 
arc  present  in  this  district  and  were  the  basis 
of  prospecting.  It  was  organized  in  the  spring 


of  ISSO.  Aromid  St.  George  and  bi'tween  it 
and  Silver  Reef  there  are  Several  districts 
Volcanic,  Gunlock,  and  others,  that  cover 
miles  of  satidstonc  country  and  contain  many 
locations.  Little,  work,  however,  lias  been 
done  in  them  and  no  ore  hius  been  shipped.* 

BtLWEU  DAM  MOUNTAINS. 

By  B.  S.  Butlbu. 

GENERAL  FEATURES. 

The  Beaver  Pam  Mountains,  hi  the  south¬ 
western  part  of  ^YusIungtoIl  County,  trend  in 
general  northward  from  Ckilorailo  River  os  a 
well-defined  range  for  about  20  miles  to  a 
low  pass,  beyond  which  a  less  well-defined 
portion  extends  several  miles  farther.  The 
range  is  generally  from  4,000  to  5,000  feet 
high,  but  in  places  attains  a  nia.ximiim  eleva¬ 
tion  of  about  7,000  feet,  Water  is  scarce, 
there  being  no  jierennial  streams  and  but  few 
springs.  Thero  is  no  timber  on  the  nmge  suit¬ 
able  for  building,  but  a  growth  of  “cedar” 
(juniper)  and  other  scrubby  tree.s  serves  for 
fuel  and  can  be  used  for  mine  limberiug  to 
some  extent. 

GEOLOGY. 

The  rocks  in  the  mountains  range  in  age 
from  pre-Cambrian  to  Tiinssic.  E.xcept  for 
pegmatitic  dikes  in  the  schi.sts  on  the  west 
side  of  the  range  and  extrusive  flows  and  a 
few  dikes  in  the  Bull  Valley'  region,  they  are 
of  .sodimentai’y  origin. 

SF.DLVENT.UIY  ROCKS. 

The  sedimentary  series  apparently  corre¬ 
sponds  closely  with  that  studied  by  Gfibert 
at  the  moutli  of  tho  Grand  C-inyon.’  (See 
PI.  VI.) 

Tho  lowest  rocks  exposed  where  tho  old 
Overland  trail  rrosse.s  the  Beaver  Dam  Moim- 
tains  are  mica  and  hornblende  schists  cut  by 
pegmatitic  dikes.  'I'lie  schist  is  overlain  by 
several  huiidird  feet  of  red  quaii.zitc  contaaiiug 
beds  of  fiiio  conglomerate,  and  this  in  turn  is 
overlain  by'  several  hundred  feet  of  sandy 
shale,  sandstone,  and  arenaceous  limestone. 
FText  above  lies  heavy-bedded  blue  liraestonw 
and  heavy-bedded  gray  limestones,  each  esti- 

'  Pt».-»0U8  molAa:  Tenth  Cotunut  TJ,  S.,  vol.  13,  p.  «S1,  l»o. 

*  U.  s.  Oiug.  nnd  ClcuL  Survey  W.  Mer.,  Roptv  vol*  S, 
p.  lie,  ISTU.  * 


BK.W'ER  DAM  MOUNTAINS. 


595 


,  cojiUiiu  ruther  numerous  pheuociysts  of  urtz, 
j  biotitc,  orthochise,  and  pliigioclase.  Quartz 
I  and  biotito  are  rather  variable  in  arnouiit; 
quartz  is  nearly  wanting  in  some  rocks  and 
biotite  is  present,  in  ouly  small  amount  in 
others.  A  largje  part  of  these  roe.l<s  arc  prob¬ 
ably  quartz  latites,  though  some  flowa  are 
probably  true-  rhyolit  o  and  others  may  properly 
be  chvssed  us  undesito.  Dikes  in  the  sedi- 
nientaiy  series  were  noted  especially  hi  the 
canyon  of  the  East  Fork  of  Beaver  Dam  Wjwh; 
they  are  usu.HlIy  highly  altered  bvtt  are  appiu'- 
ently  of  moderately  basic  composition. 


ntled  to  be  600  to  800  feet  thick.  OTerhdiig 
Ik  P^y  limestones  are.  thinner-bedded  limo- 
sloiws ovftrlain  by  sandstone-s.  The  rock.s  .seem 
jocorrispond  with  Gilbert’s  section  esscnlially 
js  falloivs;  The  quartzite  and  conglomerate 
cT«rlying  the  scl’.ists  and  the  siinly  sandstone 
series  belong  to  the  Touto  grotip.  The  great 
series  of  limestones  limjt.ed  upward  ly  the 
5!U«lswne  series  ure  apparently  to  he  corre¬ 
cted  mth  the  Rcdwuil  limestone;  and  the 
upper  sindstono  series  belongs  with  the  Auhrey 
group. 

Fossfl.s  were  collected  from  the  Hincstones 
m  which  the  Dixie  and  other  mines  of  the 
Tulsagubct  distinct  have  I)ccn  developed,  and 
froBi  the  limestone  in  the  Bull  Valley  gold 
osirict  in  the  northern  extension  of  the  range. 
G.  H.  Girty  assigns  both  collections  to  the 
PcnnsylTanian,  though  he  states  that  they 
show  some  imusual  features.  In  the  collec-  j 
iioD  from  the  Tutsngubot  district  he  detei-mmes 
(he  following  fonns; 

Darhya  cnu«ia. 

Pjoductiis  arkatiMjaiR? 

PnodoctUH  Cora. 

Spirif«r  roclcymontouua. 

Phillip<ia  sp. 

In  the  collection  from  Bull  Valley  he  d&- 
lenninea  the  following: 

Schizopiioria  rMiipinoidea. 

Uaiigiaifoni  aptendooii. 

Pioditrlus  punctaliu. 

Spirifer  caiTiemtus. 

Spirifer  roc kymont anus. 

iSvdu'  tus  a(T.  r,  wallaclanus. 

IGNEOUS  ROCK.S.  ' 

The  only  igneous  rocks  observed  in  the 
southern  part  of  the  riiuge  wore  pegmatite 
dikes,  which  are  rather  plentiful  in  the  smiUI 
•ru  of  schist.s  that  was  examined.  The  dilccs 
lather  coarse  grained  and  are  composed 
®**ntially  of  quruiz,  pink  feldspar,  and  a  rela- 
(irely  small  amount  of  muscovite.  They  were 
Dot  oheeri'ed  cutting  the  sedimenlaiy  seiics 
ure  probably  ohler  than  the  basal  quartzite. 
Ik  the  nortborn  oxtoiision  of  the  range 
ifikfous  rocks  ai'c  abundant.  Di  Ine  Bull  \  al- 
’•*)■  iron  district  both  intrusive  and  extrusive 
are  abundant.  (Scop.  581.)  Near  the 
®kll  Valley  gold  district  extrusive  rocks  pre*- 
’’»il  north  uu<l  west  of  the  district.  They  are 
P**phjTific  in  character  and  many  of  tliem  j 


STRt/CTIfUE. 

'Fhe  scdimontai-y-  rocks  of  the  district  strike 
in  general  north  and  dip  east  at  a  rather  low 
angle.  The  range,  wiiicb  is  apparently  to  be 
classed  with  the  basin  rangti  type,  hns  evi¬ 
dently'  resulted  from  faiiJtiJig  along  its  western 
face  mid  from  relative  uplift  and  easterly 
tilting.  Minor  faulting  and  fissuring  has  fur¬ 
nished  channels  for  the  solutions  that  fiirmed 
the  ore  deposits. 

TOTSAatTBJET  DISTRICT. 

The  'I'utsagubet  district  is  near  the  central 
portion  of  the  Beaver  Dara  Range,  about  M 
miles  nearly  due  west  from  St.  George  and 
about.  60  ii^es  southeast  of  Acoina,  Ncv.,  the 
nearest  railroad  point  on  the  Los  .Yngeles  & 
Salt  Lake  Railroad. 

HISTORY  AND  PBODUCTIOX. 

By  V.  C.  HfciKjis. 

Tutsaguhet  district,  in  Washington  County, 
organized  June  2,  188:1,  wms  first  mentioned  by 
Raymond,'  wdio  refcis  to  it  in  1872  as  the  St. 
George  distnet,  in  w'hich  no  claims  had  been 
opened  or  worked  up  to  April,  1871,  though 
many  locations  had  been  made.  Latei-  Ray¬ 
mond  ’  roporta  that  in  187.'5  a  furnace  was  erected 
netir  St.  George  on  Virgin  River  for  the  1real- 
nieiit  of  copper  ore  from  the  GrumI  GulcK  mine, 
in  the  Bentley  district,  Jlobavo  County,  Ariz., 
129  miles  south  of  St.  Geoige.  The  furnace 
was  abandoned  shortly  after  its  fomplei  ion, 
and  there  is  no  record  of  its  h!l^^Jlg  reduced 
any  ore  from  the  district. 

”rR]^nK)Hd,  B.  W.,  StotUiUci'  at  iiilntr*  ivnd  ralnlne  In  Iho  luid 

wwioMkofitx-Wy  i^oaiualrw  IKH. 
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Ill  1884  Mie  Mounliiili  Chief  MLnijig  Co.  built 
n  «)Ue-stiick  funuice  on  Virgin  River  to  reduce 
lend  cerliountc  oro.s  snkl '  to  lussuy  65  per  cent 
of  loud  and  15  ouncos  of  silver.  Charcoal  was 
used  for  fuel  and  siticlting  bt'gun  November  8, 
1884.  In  September,  1885,  the  oorapiin}’^  was 
in  litigation  and  the  properl}’'  closed.  Ihe 
amount,  of  lead  bullion  produced  Ls  not.  knovrn. 
Between  1884  and  1888  the  Apex  or  DixieCopper 
mine,  first  kriowm  lus  the  Pen  mine,  wiw  worked, 
and  is  reportetl to  have  shipped  800  tons  of 
copper  ore,  largely  carbonate,  out  of  the  district. 
S.  11.  Callaw'ay/  superintendent  of  ibo  Dixie 


averaged  between  81)  and  01  per  cent  of 
copper  and  14  and  21  ouiiees  of  silver  per  Ion; 
some  of  that  produced  several  yejira  Inter  car¬ 
ried  98  per  cent  of  copper  and  5  to  6  ounces 
of  silver  per  ton.  Occasional  lots  of  matte 
assayed  about  74  per  cent  of  copper  and  7 
ounces  of  silver.  The  bust  production  of  the 
district  was  a  small  lot  of  copper  ore  shipped 
to  one  of  the  Salt  Lake  sineltcra  in  1909. 

OFF.  DEPOSITS. 

All  (he  ores  arc  repluecmcnt  deposits  in  lime¬ 
stone  adjacent  to  fissures. 


prodiu:ol  in  Tulmgnbtldislricl,  ISS7-1917. 


Period. 

Gold. 

Siivor. 

1 

Copper. 

Loud. 

Total 

value.'* 

Kino 

ountcb. 

Valuo. 

Fino 

OUUCCtl. 

Value. 

1 

1  Puiindfl. 

! 

Value. 

Pouuds. 

Value. 

Prior  to  1!W7 . 

IKlHJ-l.HtW  it  . 

1.35 

?28 

‘  1,200 
18,652 
124,426 
667 

$1,170 
15, 7S6 
74, 735 
388 

5  300,000 
1,784,065 
8,318,266 
102, 73.5 

$41, 400 
209,006 
1,233,670 
48,540 

(<=) 

$42, 576 
226, 392 
1,310,643 
48,  932 

1898-1'JOO  « . 

19M-1917 . 

I . 

0.  18 

43, 669 

$2,315 

i.&:i 

n 

1 

J-H.WS 

i 

92,086 

10,595,066 

1,533,116 

43, 669 

2, 315 

1, 627, 513 

•  It.chi0m  nid  «crUi 

kr!st:)ni(ua  Iroin  loiu  o(  a>|ip<)i  on*  riM  to  bavo  bean  pr>.::iKed. 

*  I  «irt  urAnnrii, 

*  Kitaro*  ol  maid  nrii'lurUon  liRierlr  («ii»n  hom  rMre.ai)r  of  Mint  raperts.  Xo  oro  tonmea given. 

•  ftviu  1»3  to  1*»  the  npixt*  a(p:.«aioer«  -Jed;  pior  lo  ItV2  11m  piodoclioa  U  p;irllv  Ihroufai  reliable  seuioe.s. 


mbic  bctw'ccii  1889  and  1893,  reports  tliut  the 
company  received  about  .$300,000  for  ore  and 
bullion  shipped  lo  Sw’ansea,  Wales,  and  to 
Denver,  Colo.  In  May,  1891,  13  tons  shipped 
out  of  the  district  from  a  new  find  assayed 
copper,  54.2  per  cent;  sulphur,  4.1  per  cent; 
h’on,  5.7  per  cent;  .silica,  2.6  per  cent;  and 
silver,  4  ounces.  At  the  time  it  cost  .830  jier 
ton  to  ship  h}--  wagon,  1.54  nules  to  Milford, 
the  nearest  railroad  point.  In  1899  a  small 
fiuTiftco  at  St.  George  produced  8  to  20  tons 
of  blister  copper  per  month  from  ore  con¬ 
taining  15  per  cent  of  copper  with  charcoal 
and  coko  fuel.  Coke  cost  $27  per  ton  at  the 
araeltor.  In  November,  1900,  another  but 
larger  furnace  at  Shem,  12  miles  noiiliwest  of 
St.  Geovgo,  profinced  3  to  4  tons  of  bullion 
daily  from  oro  containing  10  to  15  per  cent 
of  copjicr.  Tills  small  smelter  opemted  inter¬ 
mittently  under  several  managements  until 
1907.  The  copper  bullion  produced  in  1901 

•  Ecjs.  urid  Wm.  Jour.,Ort.  is,  p.ara.  i.ssi. 

•  Knc.  mill  Mi!i,  Jour.,  Mur.  2i,  isi'I. 


COPPEK  DEPOSITS, 

The  Dixie  mine  of  (ho  I'tah  &  Easteiui  Cop¬ 
per  Co.  is  the  most  important  i)i  the  district. 
At  the  time  of  visit,  in  October,  1911,  the  mine 
worlvings  were  not  acce.ssible,  and  the  foUow'ing 
notes  are  based  on  such  observations  as  could 
be  made  on  the  surface  an<l  descriptions  by 
those  farailiiu’  ivith  the  mine.  At  the  surface 
the  deposit  appears  to  bo  associated  with  n 
fissure  strilving  in  general  northeast  and  dipping 
about  45°  SW.  At  depth,  however,  it  is 
stated  that  the  association  of  the  deposit  with  a 
fissm‘0  is  not  apparent.  The  ore  is  said  to 
occur  iji  an  irregular  chimney. 

Tlte  deposit  has  been  ilevcloped  by  a  tunnel 
intersecting  the  ore  body  about  125  feet  below 
the  outcrop  nml  by  a  second  tunnel  about  ISO 
feet  below  the  first.  A  winze  sunlc  from  the 
tunnel  is  said  to  liave  attained  n  depth  of  900 
feet  with  niiothor  winze  100  feet  beloiv  that 
I  level. 

It  is  reported  that  all  the  ore  from  the  mine 
was  oxidized,  not  even  remnants  of  sulphide 
1  being  found.  Rather  abiuulajit  jiu’osite,  how’- 
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»nd  more  complex  sulphate's  iiulicato. 
(hat'sulphides  must  have  been  present  in  the 
^naJ  porhnps  as  both  non  and  copper 
'glides  or  us  an  iron-copper  sulphide. 

copper  minerals  aro  said  to  be  principally 
(he carbonates,  ar.uritc  and  malachite.,  and  idso 
rtprito  and  to  a  less  extent  some  complex'  sul- 
piwtes  and  phosphates  of  copper,  iron,  and 
Some  lead  occiiri-ed  as  the  carbonate 
eensite,  (be  sulphate  plumbojarositc,  and 
oliier  complex  sulphates.  Iron  oxide  is  rela¬ 
tively  abundant,  as  mdieated  by  the  dump, 
t’or^laceri  and  .silicified  limestone  are  the 
principid  nonmetallic  materials.  The  ore  e.x- 
tnseted  probably  yielded  approxiinately  12 
per  cent  copper  and  1.5  ounces  silver  per  ton. 

TTie  developments  of  the  Superior  mine  are 
U  a  northwest-southeast  fault  zone,  in  which 
the  limestone  has  been  liigldy  breccia  ted. 
The  ore  occurs  as  irregular  massi's  tlu'ough  the 
biweia.  The  copper  muieruLs  are  principally 
carbonates  and  a  little  silicate,  in  a  ganguo  of 
hrecciated  limestone  with  numerous  veinlcts  of 
edeite. 

LZAD-Sn-VEH  DEPOSITS. 

The  Paymaster  mine,  a  short  distance  south 
of  the  Dixie  mine,  has  been  developed  along  h 
W)rt;*west  fissure.  The  ore  forms  irregular 
bodies  in  the  limestone  adjacent  to  the  fissure. 
There  has  been  several  hundred  feet  of  develop- 
raent  work,  but  no  important  bodies  of  oro  have 
been  found,  though  large  bodies  of  oxidized  iron 
oro  are  said  to  have  been  encountered.  Ore  on 
lae  dump  contained  tho  carbonate  of  lead, 
crtusitc;  the  sulphate  of  load  and  iron,  pbunbo- 
Jwositc;  and  the  basic  iron  sulphate,  jarositc. 
A  small  smelter  erected  to  trout  the  ores  from 
die  mine  was  never  successfully  operated. 

bv  the  Black  Warrior  niuio  the  ore  deposil3 
•TO  associated  with  an  extensive  cave,  whioU 
Ktends  from  the  surface,  downward  on  a  gentle 
<iip  for  more  than  200  feet  along  a  fissure  or 
holt  where  the  limestone  was  considerably 
When  dis(;ovc.red  the  cave  was 
studded  with  stalagmites,  stalactites, 
*“<1  columns  of  calcitc,  and  the  floor  was  Ul- 
with  fidleii  blocks  of  limestone.  'I'bc  oro 
*45  found  in  fissures  iu  the  sides  and  top  of  tlic 
'aveand  beneath  tlie  blocks  of  limestone.  The 
is  said  to  havo  been  silver-bearing  ccrusitc 
*-’'d  Wte  of  high  grade.  Abundant  limonitc  has 
S'Porently  resulted  in  part  at  least  from  the 
*^aUon  of  ail  iron-bearing  carbonate  and  po.'»- 
**  y  ill  part  from  iron  sulpliidc.  Little  dcvcl- 


I  opincnt  had  boon  done  at  the  time  of  the 
writer’s  visit  ivsitle  from  following  the  ore 
bodies  that  opened  into  tho  cave. 

The  original  nictolbo  sulphides,  together  with 
some  iron-beuruig  carbonate,  ni.ny  have  re¬ 
placed  braestono  adjaccJit  to  a  fissure.  Later, 
surface  solutions  descended  along  the  fissure, 
o.xidizcd  tiie  ores,  and  dissolved  and  carried 
away  a  coiLsiderable  amount  of  the  limestone, 
forming  the  cave.  Still  later,  solutions  laden 
witli  bine  carbonate  entered  the  cave  and 
depo.sited  part  of  their  load  as  staluginites, 
stalactites,  and  columns. 

A  little  prosj>ectiiig  has  been  done  and  some 
ore  found  in  numerous  other  claims  iu  tho  dis¬ 
trict,  but  in  gene  nil  it  has  not  been  sufficient 
to  encourage  extensive  development  under 
present  conditions. 

BULL  VALLEY  (GOLDSTEIKE)  DISTBICT. 

OENER.vn  FEATURES. 

Tlio  Bull  Valley  or  Cioldstrike  district  is  in 
the  westeni  part  of  Washington  Comity,  near 
the  Nevada  fine.  The  nearest  railro.ad  point  is 
Modena,  on  tlie  Los  iLigelcs  &  Suit  Jaiko  Hnil- 
roiul.  A  small  stream  in  Bull  Valley  is  said  to 
funiisii  a  supply  of  water  thi-oughout  tho  year. 
A  rather  scanty  growtii  of  cedar  and  otlier 
scrubby  trees  affoixls  fuel  and  somo  mine 
timber. 

Tho  finduig  of  specimens  of  rich  gold  rock 
has  caused  one  or  two  gold  excitements  in  Bull 
Valley,  but  to  the  close  of  1913  the  gold  pro¬ 
duction  liad  been  limited  to  such  specimens. 
Til  1914  and  1915  developments  w'cre  active,  a 
mill  was  erected,  and  it  is  reported  that  some 
golfl  was  produced. 

GEOLOGY. 

The  sedimentary  rocks  of  the  district  com¬ 
prise  a  series  of  limestones  with  interbedded 
quartzite  and  some  shale.  Tho  extrusive  rocks 
ui  the  southern  part  of  tho  district  are  latite 
and  rhyobtic  flow's  and  some  more  basic  rocks. 
Dikes  and  small  sills  of  intrusive  rock  cut  tho 
sedimentary  roc.ks  and  are  especially  well 
exposed  ill  tho  canyon  of  the  e^ist  fork  of  Beaver 
Dam  Wash. 

ORE  DETOSITS. 
development. 

\U  the  mineral  deposits  noted  in  tho  distiict 
at*  the  time  of  the  wTiter’s  visit  have  been 
formed  by  replacement  of  the  sedimentary 


ORE  DEPOSITS  OF  UTAH. 


698 

rocks,  and,  so  far  as  known,  the  gold  dcposit-s  | 
since  explorod  have  a  similar  origin.  The  , 
deposits  that  have  received  attention  in  the 
southern  p:irt  of  tho  district  nro  chiefly  of  gold, 
though  nnlimony  and  iirsonic  deposits  have  been 
slightly  prospected. 

GOLD  DEPOSITS. 

Thofewgtdd  deposits  exposed  in  the  district 
at  tho  titiip  of  tho  xsTiter'a  visit  were  in  sedi- 
montary  n'cks  idong  fissures.  The  sediments 
udjiiceut  to  the  fissures  arc  highly  silieified. 
Quartz  ond  curboniite  are  the  main  uoii- 
nietallic  iiiineraLs.  The  outcrops  are  stained 
yellow  and  hrown  with  iron.  A  spechnen  of 
vein  iimleriul  exaniined  umler  the  microsco|X! 
showed  tho  presence  of  a  yolknv  mineral  rc- 
semhling  jaro-site.  This  mineral  coidd  not  be 
sepiinited  in  the  specimen  collected,  hut  a  test 
showed  the  presoheo  of  sulphate,  and  the 
ininerid  is  doubtless  jarosito  or  some  closely 
allied  mineral.  'ITie  gold  occurs  free  so  far  as 
deUirniined. 

A  specimen  of  high-grade  ore  (PI.  XLIX) 
from  Komo  distance  below  the  surface,  pro- 
aenlod  to  tlic  National  Museum  by  M.  R. 
Evaas,  contains  native  geld  in  a,  carbonate 
gnuguc.  The  earboinito  is  in  jiart  caleito  and 
in  part  a  light-brown  mineral  that  contains 
iron  and  pndiably'  some  manganese.  The  gold 
occurs  iu3  thin  leaves  in  minute  fissures  in  the 
carbonate  along  clcavagi‘3  ui  and  lietween 
ininerul  grains,  In  tho  specimen  the  gold  is 
most  ahuiidantly  nssmuatod  with  tho  brown 
earbonale,  llnnigh  occurring  also  in  the  calcito. 
Qualitative  tests  of  the  hrown  carbonate  showed 
iron  and  a  little  manganese.  Tho  sheets  of 
gold  have  a  bimutiful  pitted  surface  oorre- 
sponding  to  tho  etched  surfaces  of  tho  enrbon- 
nto  crystals.  This  appeara  from  descriptions 
to  bo  its  normal  occurrence  in  rich  pockets. 

Tho  sulphates  in  the  ore  deposits  suggest  that 
tho  origiiml  minerals  were,  in  part  at  least, 
sulpliides.  '}  lio  association  of  tho  gohl  with 
ferric  sulphate  suggests  a  similarity  to  tho  gold- 
platmum-pulladiuin  deposits  of  southern  Ne- 
vnda,  which  Knopf '  thinks  have  resulted  from 
enrichincnt  of  tlio  leaner  sulphides. 

Tho  occurrence  of  the  gold  replacing  the 
whonalo  osstK-iated  wdth  limonito  and  inan- 

it'  f  ^  *“'‘*'P>»Unum-p.-»lb<liujn  Vxla  iu  soulbvru  Xovudi 

u. ».  Oioi,  mrrey  nuU.  pp.  i-w,  mi. 


ganesc  is  also  snfnciently  suggestive  of  enrieli- 
nient,  so  that  operator  should  keep  the  idea 
in  mind  in  development. 

ARSEinC  DEPOSITS. 

The  amenic  deposit  occurs  in  sandy  sedi¬ 
ments  in  a  breccia  zone  that  outcrops  in  the  bed 
of  Ai'senic  Canyon,  where  the  stream  has  swept 
away  tho  debris.  Tho  ai'senic  sulphide  forms 
ii'icgular  areas  surrounded  by  quartz,  giving 
tho  rock  an  ainygdaloidal  nppearunce.  Much 
of  tho  quartz  has  a  distinct  crystjil  outline,  and 
surrounds  rosettes  of  fibrous  material  of  di.s- 
linctly  lower  index,  from  which  it  appeara  to 
have  been  derived.  (Sco  PI.  XL\lir.)  As 
scon  in  thin  section  the  fibrous  mineral  is  light 
brown  and  contains  few  inclusions.  The  quartz, 
on  tlio  other  hand,  is  colorless  and  contains 
abundant  inclusions  of  a  mineral  of  rather  high 
index  and  bij'cfringence  and,  apparently,  ex¬ 
tinction  parallel  to  the  elongation.  It  contains 
also  abundant  dark  inclusions  and  some  gas 
cavities,  a  small  proportion  of  which  inclose 
liquid.  A  small  cubo  was  noted  in  one  such 
cavity.  The  relations  suggest  that  in  the 
fibrous  cholcedouic  mineral  tlie  materials  that 
form  the  inclusions  in  the.  quartz  are  dissolved 
in  the  silica. 

The  principal  metallic  mineral  of  the  deposit 
is  tho  red  sulphide  of  arsenic,  realgar,  which,  on 
e.xposure  to  the  weather,  appeara  to  alter  to  the 
yellow  sulpliide,  oi-pimcut. 

Practically  no  development  work  has  been 
done  on  the  deposit  at  tho  lime  of  visit. 

AHTIMOWY  DEPOSITS. 

Antimony  is  said  to  occur  in  at  least  two 
locixlitics.  A  pro.spect  a  few  hundred  jnvrds 
northeast  of  the  gold  prospect  of  R.  G.  Mc- 
Qunrrio  consists  of  a  body  of  stibnite  6  to  12 
inches  thick,  which  has  been  uncovered  for  a 
distance  of  about  6  feet.  It  appeara  to  )>o  a 
fiat-lying  deposit  near  tho  conUict  of  limestone 
and  quartzite,  the  sandy  sediments  underlying 
and  tho  Rmestone  overlying.  Antimony  is 
also  reported  from  farther  northca.st. 

IRON  DEPOSITS. 

The  Iron  deposits  in  the  northern  part  of 
I  the  district  arc  discu-ssed  on  page  581. 
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B.  PUSHED  SURFACE  OP  SPECIMEN  SHOWN  IN  A. 

Vuioloui  of  inrtnllie  gold:  durk  nrcw.  btoKo  corlMtiato  conl  iiniug 
o  litUo  Wonito.  Eulurgcd  A  iHamoto im. 


.  SPECIMEN  OF  NATU-E  GOLD  IN  CARBONATE 
GANGUE  FROM  THE  BUU.  VALLEY  DISTRICT. 

B.  S.  Not,  Mus.  No.  aslST.  Eulargrd  one-hnlf. 


D.  SPECIMEN  SHOWN  IN  C.  NVITH  CROSSED  MCOLS. 
Holargcd  30  tliamctisa- 


l^^'ncnOGRAPn  SHOWING  ROSETTE  OF  QUARTZ 
OF  ARSENIC  ORES  FROM  BULL  VALLEY 


brcAUtt  (|uiiJ*U!«  Eolur^oJ  30  diani<*.u*rtf. 
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UINTA  MOUNTAINS. 

By  B.  S.  Buti.eii. 

DfraODTJCTION. 

The  tTintn  Mo'AUltiins  have  yichli'd  n-latiroly 
siniiU  ftinounts  of  inetnls  and  have  tltorrforo 
boon  little  studied  by  tlio  witer  in  preparation 
for  thiiS  pitper.  In  Scptcnnber,  If)  13,  ho  sp<oil. 
two  days  in  a  trip  from  Vernal  to  tlic  Dyer 
mirie,  and  the  same  month  he  and  F.  L.  Hess 
visited  prospects  in  the  vicinity  of  Bi’owns 
Park.  The  followmij  statements  concenvuig 
thfi  geolo"}'  of  the  range  are  largely  a  com¬ 
pilation. 

'  PHYSIOGHAPMY. 

Tlie  Uinta  Range  e.xtends  from  the  Wasatch 
Range  m  the  northeastern  part  of  Utah  east¬ 
ward  into  CoIora<Io,  a  tlistanca  of  about  150 
miles,  with  an  average  width  of  approximately 
35  miles.  Its  glacial  features  have  been  de- 
.scribed  in  detail  by  Atwood,*  and  Us  topog¬ 
raphy  and  ph^iiiograpliy  have  been  summarized 
by  Boutwoll  *  ns  follows: 

The  general  form  of  tho  range  w  an  elongated,  broad, 
flat't<>ppe<l  Arrh.  As  the  main  easl-^'ent  divide  lie?  north 
of  th«  center  of  tho  range,  iv  i>orth  south  profile  shov^fi 
unajTnmotrii-alBlopes.  ITiC  northern  elopes  Ealloff  steeply 
to  %  gie-At  undulating  basin,  while  the  southern  elopes 
doKronl  gently  to  nn  oxleoaive  plateau  r^ion.  The 
•levaiiou  of  the  nnge  varies  from  C,.500  feet  in.  ilo  wcatern 
fooUiilU,  whoro  it  dip*  under  Karn.as  Pnurie,  to  12,100  on 
Mount  Aga*»iz,  12, .">00  on  Hayden  Peak,  1:1,200  on  Mount 
Tokewnna,  13,250  o»  Mount  Loveniu,  and  13,-186  (cor¬ 
rected)  on  Emmons  Peak. 

An  oval  ceatnil  area  is  encinded  by  a  series  of  generally 
continuous,  niisymractrkntl  ridges,  with  sleep  iiiward- 
facing  Bcarpn  and  more  gentle  outfacing  slojies.  lli.sf<3c- 
fion  hu  roduce<l  tho  inr-toMHl  interior  plateau  to  a  region 
of  fltn:ing  relief  characlorizcd  by  an  exeeedingly  n.-urow 
tteep-.sldod  main  oaat-wcstdivlde,  which  rises  into  feolated 
peaks  and  hlls  off  steeply  to  the  north  and  south  to  heads 
of  peat  canyons.  These  canyons,  tttpeeially  those  drain¬ 
ing  to  thosouth,  arc  eh.araeleri/.ed  by  broad,  flaring,  high- 
lying  upper  leveb,  deeply  trenched  by  very'  narrow steep- 
•ided  gorges.  In  tho  wasteru  part  of  the  r.inge  soiuo  of 
thcso  he-.tdwi'.rd  portions,  on  emerging  from  the  interior 
•rea,  cootiatic  norlli  or  south  along  radial  coursea  through 
Ihe  encircling  ridgm  and  down  their  gentle  outfacing 
Others  on  reaching  theso  ridges  turn  abruptly 
wd  escape  by  longitudinal  valleys,  whose  alluvial  bot¬ 
toms  are  terraced  and  trenched.  A  third  cl.'i&i  of  sfreiiiii.s, 
*lach  aro  characteristically  short  and  not  graded,  head 
**®*r  the  cresLs  of  Ihcso  eneircliug  ridges  and  flow  down 
i®hciag  ecarj)s  toward  the  interior  of  the  area  (opposite  to  I 
the  direction  of  prevailing  dip),  thence  out  by  tho  longi-  I 
tudhuU  valleys,  lu  the  csvstem  part  of  the  range  tho 
^inago  departs  from  thejso  simple  types.  Thus,  in 
•uffes'ent  ports  of  its  course,  Green  River  exhibits  char-  | 

‘Mvood,  W.  W.,  OlwUtJon  in  lh«  I’lnUi  and  WiisalcU  moaDtato: 
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actoristics  of  several  difierent  types'  of  drainage.  In  tho 
extreme  wi>-lern  portion  of  tlie  r.iuge  Provo  and  Weber 
rivers,  the  master  streams  of  (lie  region,  pui-suo  lougitu- 
diiuil  courses  for  ii  large  portion  of  their  extent.  They 
are  fed  not  only  by  headwaters  of  fr.aa.sverse  radul  stit'ani.s 
but  abo  by  stream.s  flowing  toward  the  interior  ngainat 
iho  dip. 

In  brief,  the  range  is  an  elong.ite<i  dome  compceod  of  .; 
deeply  dbau.*cted  cciitnl  plateau  nnd  encircling  cue.stas. 
The  rlissuetion  «>t  Iho  central  area  la  characterized  by  iv 
poetmatiire  master  divide,  emrmonntjng  bnjud  ghuial  am¬ 
phitheaters,  which  In  tixn  are  incised  by  deep,  narrow 
eaiiyoiw,  Intermesliatc  In'tween  the  eastern  and  western 
jwrlioius  of  the  range  tno  dmiiiogc  is  Ltrgely  con-sequeut; 
at  the  eastern  end  it  la  complex,  Green  P.tver  prohahlv 
being  Huperimposod,  locally  at  leswt,  nnd  in  the  western 
portion  the  nuriter  nlreaiiM  follow  partially  gradc«l,  suh- 
scqiiuntrourees,  and  obsenuentdrairmge  is  well  developed. 

Since  tills  rlcsci  iptiou  wa.^  prepareil  a  paper 
b}*  Schiilt/,  ’  on  the  Uinta  Momitains,  with 
apreiiJ  rcfi'rcnce  to  phosphate,  has  beoii  pub¬ 
lished. 

A  feature  of  tlio  ph^'siogiaphy  that  is  of  in¬ 
terest,  na  it  is  of  wdtiespread  occurrence  in 
etistern  Ihah,  is  tho  high  griivel-cnpped  pla¬ 
teau  or  henelt  tlint  is  .strongly  developed  on 
both  the  north  and  south  sides  of  tho  range  at 
its  eastern  eiul  at  loust.  Rich  '  hn.s  described 
its  oc.ctirrenco  on  tho  north  side,  where  its  ele¬ 
vation  is  7,600  to  8, .500  feet.  On  the  sou  Lit 
side,  in  the  longitude  of  Vernal,  its  elevtition 
ranges  from  alwut  8,000  feet  at  its  outer  edge 
to  about  9,000  feet  whoro  it  merges  with  the 
old  mountain  topogniphy  of  the  central  por¬ 
tion  of  tlio  range.  Farther  cast  it  may  bo 
somewhat  low'cr.  Split  Mountain  and  the 
Ytujipa  Plateati  are  concordant  in  elevation 
with  tliis  plateau  smfaco  and  are  evidently 
to  be  corrolated  with  it. 

niie  top  of  tho  phitetui  is  an  old  erosioji  sur¬ 
face  tliat  slopes  gently  from  tho  mountain  and 
bu.s  beveUal  all  the  formations  regardless  of 
hardness  or  po.sition.  Near  tho  central  moun¬ 
tain  mass  the  moro  resistant  strata  form  low 
ridges  that  alternate  with  longitudinal  viilley.s 
cut  in  tho  softe.r  rock.  Tliis  surface  in  tlio 
eastern  part  of  tho  range  has  been  covered  by 
a  mantle  of  coaivo  gravel  composed  largely  of 
pebbles  and  Iwulders  of  rod  sandstone  (prob¬ 
ably  tho  Bishop  Mountain  conglomenito  of 
Powell)  derived  from  the  central  portion  of 
tho  range.  Near  its  outer  margin  the  plateau 
is  cut  by  deep  ciinyons,  but  few  of  them 
reach  completely  across  the  plateau,  so  that 

»  RchulU,  A.  B.,  A  xcoluitlo  t*c«nii»i<5anc«  of  Iho  ClnUi  Moontiitt, 
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eust-WMt  Iruvcl  rtl‘>ng  tlie  base  of  the  range  U 
comtmnitivclv  c:i.sy  whcreo-s  along  the  front  of 
(lie  plateau  it  is  practicaUy  impossiblo.  At 
several  lower  levels  otlicr  gi-avcl-covcred 
benches  or  mesan  stwngly  wiggent  periods  of 
crosiwi  foUowedby  uplifts  that  allowed  further 
doepeningof  Uio.'*t-rcam  l>cds.  These  benches, 
however  were  n‘>^  examined  in  sufficient  de¬ 
tail  to  warnint  an  atU^mpt  to  explain  tboin, 
hut  ther  afford  an  interesting  problem  in  the 
phjuiogrtiphic dovelopment  of  the  legion. 


quartzite.  This  quartzite  is  exposed  on  the 
north  side  of  Browns  Piudc  for  several  miles  cast 
and  west  of  Red  Creek  Canyon,  including  Red 
Creek,  Je-ssie  Ewing,  and  Willow  Creek  can¬ 
yons,  where  there  has  been  comsUIcruble  pros¬ 
pecting  in  it. 

The  great  quartzite  series  of  the  Wasatch 
Range  hius  already  been  subdivided  and  de¬ 
tailed  study  will  probably  result  in  the  sub¬ 
division  of  (he  stratigniphically  corresponding 
gieat  rod  quartzi to  series  in  the  “Uinta  forma-- 


Oi  ntrnliivi  PtiLxiioie  section  \n  the  Vinla  Jtange. 


Illy  F.  D.  W'wlo.I 


FocnuUiiin. 

Cliamclor. 

1 

Thickness.  | 

Age. 

/ict. 

[RedahoJea .  SCO 

1  • J^cct. 

2,670 

1’,  200  to  2,  700 

Permian. 

ttVbL-r  (ofiuUiim . 

[Red  lies  and  dark-blue  limcstijiics .  800 

Yellow  cftlcareoua  sundstono;  while  and  gray 

Pounsylvamaii. 

Mimiwtnpiin  leries  (upper 
purl  Poim«ylvaliian  aerica). 

Ogdiu  qairlnlc . 

quarbiitc,  wcailu  ring  brown. 

AlUTtialiuf  beda  of  white  aandMono;  thin-b>j<lded 
blue  nno  jimy  cherty  limfalon(«  and  mamivu 
dark -given  ond  huff  liniastoiica  at  base. 

White  ond  grvffiiah  ninmive  quartzite  and  grcon 
mudufonee  with inlurbeddeu  conclomeratijs. 

Aiyillact'oua  and  nandy,  green,  rod,  purple,  and 

i 

7(K)  to  1,070 

kluatiwippuui. 

0  to  1,  lOf) 

Ordovician. 

Locloro  filiali'R . . 

'500  to  1,  200 

Cambrian. 

"UiiiU"  («n»aUi.« . | 

blork  ahalcn;  green  ehakia,  contauiicg  many 
noduloa 

I  Tliin-bi'diJod  green  sandvioiiea  with  conglomerate 

'  12,000+ 

1  1 

Pre-Cambrian. 

layens;  HlriptHl  quarUiuw',  and  red  and  brown 
qiiorUitcs  or  EaudatuDoe.  noK  not  expoeod. 

A  similar  plateau  in  tho  wcatoni  portion  of 
(he  Dingo  hns  not  been  described,  though  in- 
sjwtion  <if  the  topographic  maps  suggest  its 
presence. 

OEOLOQY. 


seuimentaky  hocks. 


The  Hwlimontarj’  formations  of  the  X'inta 
Mwmtnins  range  in  age  from  Archean  to  Re¬ 
cent,  Init  f heir  satisfactory  classification  must 
wait  for  dotsilod  geologic  work .  iSoveral  rccon- 
imissnnto  studica  hnvo  grouped  tho  formations 
ill  a  general  way.  The  most  iveent  clti.s.sific4V- 
tion  is  Unit  hy  Weeks.' 

Ilneonfonnnlily  underlying  the  “Uinta  for¬ 
mat  ion,"  as  described  by  Weeks,  is  Powell’s 
Rod  Creek  quartzite,-  iiresumubly  of  yVrehean 
ago,  wliich  consists  of  mica,  hornhlondc,  stau- 
rolite,  and  garnet  schisU  with  beds  of  white 
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tion."  It  is  also  probable  that  tho  linicstonc 
membei's  will  bo  fui-ther  subdivided. 

Overlying  tho  Paleozoic  .section  as  given  hy 
Weeks  are  the  Jurassic  and  Triassie  sandstones 
and  shales  with  beds  of  limestone  having  a  total 
thickmess  of  over  5,000  feet,  according  to 
Powell.  These  are  overlain  by  36,000  feet  of 
Cretaceous  sandstones  and  shales,  and  these 
in  tuni  by  20,000  feet  of  Tertiary  sandstones 
I  and  shales. 

\  IGNEOUS  nOCKS. 

So  fur  ns  the  writer  is  aware,  igneous  rocks 
have  not  been  previously  reported  in  the  mam 
range,  though  they  arc  present  in  Kamas  Val¬ 
ley,  which  separates  the  western  end  of  the 
moimtuhis  from  the  Wasatch  Range.  How¬ 
ever,  the  writer  and  h'.  L.  Hess  found  numerous 
dikes  in  the  qnurtzite  formation  in  Red  Creek 
and  Jessie  Ewing  Cheek  (Red  Crock  qunrtzite 
of  Pow'ell),  and  they  are  reported  as  present  in 
this  formation  at  other  localities.  Most  of 
them  are  dark-green  dioritic  rocks  that  have 
I  been  considcnibly  altered,  hut  a  few  small  peg- 
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matite  dikes  in  Jessie  Ewing  Ctmyen  are  com¬ 
posed  essentially  of  quartz,  pink  feldspar,  and 

muscovite. 

STRUCTDKK. 

The  larger  structural  features  of  the  Uinta 
Mountains  are  comparatively  .simple  and  are 
^pell  understood.  The  detailed  structure  is  in 
places  more  comple.x  and  for  the  most  part 
remains  to  be  worked  out. 

In  general,  the  range  is  a  great  east-west  anti¬ 
clinal  fold.  On  the  east  it  graduallymerges  into 
the  plateau  structure  of  western  Colorado,  and 
on  the  west  it  nan’ows  and  disappeara  beneath 


Tho  fold  is  urisymmotricul.  the  crest  being 
considerably  north  of  tho  center.  Tlic  south 
limb  is  long  and  gentle,  and  t lie  north  limb  is 
much  shorter  and  steeper  and  is  broken  in 
many  places  by  extensive  cast-west  faulting 

•o 

HISTORY  AND  PRODUCTION. 

KARLY  RKOORDS. 

Tliftt  there  has  been  some  mineralization  in 
the  Uinta  Range  ha.s  long  been  known.  In 
1876  PowelU  published  a  map  of  the  eastern 
portion  on  wliich  he  outlined  on  the  north  sido 
of  Browns  Park  a  “copper  and  silver  area” 
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Year. 


1®!. 

1®2. 

l. ®3. 
ISW. 

m. 

ISM. 

liW. 

IS1J8. 

1SS9. 

K<0. 

IMl. 

IW 

1015.. 

me.. 

1917.. 


Quan¬ 
tity  of 
ore 
(abort 
tons). 

Gold. 

Silver. 

Copper. 

Lead. 

Tola! 

proiss 

^«e. 

Fine 

ounces. 

Value. 

Fine 

ouuces. 

Value. 

Pounds.  1  Value. 

Pounds. 

Value, 

IS 

73 

6:l 

1  73 

3(> 
111 
.30 
500 
906 
1,751 
270 
5C0 

6 

5 

5 

5.22 
21.10 
20. 99 
21.19 
10.45 
;12. 22 
S.71 
96.75 
175.31 
350. 00 
39. 18 
125.00 

$ias 

438 

55S 

438 

216 

6(16 

l.SO 

2,000 

3,021 

7, 235 
SIO 

2,  5.S4 

•IfiS 

1. sns 

2,  ns 

1,898 
930 
2,  S86 
7.S0 
10,  OOO 
18. 120 
35, 021) 
20,250 
8,000 
27 
26 
20 

$463 
l,a51 
1,886 
1,196 
008 
1, 902 
46S 
5,900 
10.  872 
2i;712 
12, 1.50 
4,  ,5S0 
14 
17 
17 

17,784 
71,136 
90,890 
'  71,130 
;16,5C8 
108, 680 
30,300 
3C0,  OOO 
558,  SCO 
1, 150,  ICO 
108, 000 
2.5,000 
5,724 
5,423 
4,098 

$2,294 
8, 252 
9,817 
6,758 
3,  806 
11,7.37 
3, 708 
37,  200 
95, 655 
191,912 
18,036 
3, 125 
1,002 
l,,3:vl 
1,119 

! ! . . !  h  . 

. 

$2,  ,86.5 
10, 31 1 
12,  2(51 
8, 392 
4,030 
14, 306 
4,356 
45, 100 
1 10, 05i 
220,859 
30,996 
10,289 
I,0IG 
l,.S5t 
1,2,50 

. 1 . 

■  ■  "1 

'‘i,'32s‘ 

"$ii4' 

4,377 

912.21 

18,857 

102,  747 

03, 496 

2,  .5.80, 245 

395, 655 

1,  :328 

114 

17S,  122 
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the  lavas  of  Kamas  Valley,  which  separates  the 
Uinta  and  Wasatch  ranges.  Formations  from 
pre-Cambrian  to  Cretaceous  were  involved  in 
the  uplift.  Since  the  uplift  erosion  ha.s  re- 
»oved  many  thousands  of  feet  from  the  sum¬ 
mit  of  the  range.  At  present  the  centeal  por¬ 
tion  ia  composed  pruicipally  of  the  “Uinta” 
tjnartzite,  surrounded  by  outcrops  of  progres¬ 
sively  younger  formations,  througli  tho  Cre- 
**oeou.s.  Where  Green  River  cuts  through  the 
**8t€m  end  of  the  range  a  small  area  of  pre- 
^<mbrian  schists  is  exposed.  Tho  uplift  of  the 
according  to  Powell,'  began  at  the  close 
Cretaceous  time  but  continued  through 
Tertiary,  the  material  removed  from  the 
highw portion  behig  deposited  around  the  base. 


coextensive  ^Aitli  his  Red  Ci’eek  quartzite,  and 
in  1877  S.  F.  Emmons’  noted  the  occuiTence 
of  copper-silver  ores  on  WUlow  Creek.  In  1879 
iron  ores  were  shipped  from  the  soutjiwestera 
part  of  the  range  to  Park  City  to  bo  used  as 
flux.^ 

C.VRBOXATE  UlSTRICT. 


The  largest  metal  production  has  been  from 
tlie  Carbonate  district,  principally  from  tho 
Dyer  copper  miue.-  The  liistory  of  tliis  dis¬ 
trict,  prepared  by  V.  C.  Heikes,  follows; 

Tne  Carbonate  district  is  in  Uinta  County, 
82  miles  noith-northwcst  of  Dragon,  on  the 


•  Powell,!.  W., op. 

»  Hisne,  ArMM,  aad  Emmons,  8.  F.,  UescrlptR  o  gwlcn’:  U.  S.  Ceol. 

ml  40Ch  Psu*.  P*  1S77. 

J.  U,,lron  orri  tn  the  Ulnt»  MounUlna,  Ui«h:  U. S.  Goo). 

ur\cy  Bull'  225,  p.  iWt 


>  Powell,  I.  V/.,  op.  cit.,  p.  JOl. 
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Uintah  Kailwav,  operates  from  Afack, 

Colo.,  a  station  oa  the  Denver  &  Itio  Grande 
Railroad.  In  1887  L.  P.  Dyer  and  oLheis 
located  the  .\ce,  Autictura,  and  other  claims, 
some  of  wliich  were  patented  and  knowri 
as  the  Dyer  group.  Pre^dous  to  1897  old 
records  ‘  show  the  shipment  of  about  400  toas 
of  copper  glance,,  wliich  lussayed  an  average  of 
49.47  per  cent  of  copper  and  26  ounces  of 
silver  and  S6  in  gold  per  ton.  Durmg  1897 
the  only  carload  shipped  contained  .51. .5  per 
cent  of  copper.  lu  the  ne.xt  two  yearn  about 
209  tons  of  similar  ore  was  shipped.  A  42-iacIi 
wiitw-jttckct  blast  furnace  was  installed  in 
October,  1S99,  «nd  ran  during  o|)e.ii  seasons 
fill’  nearly  two  years.  'Ihe  ore  smelted  aver¬ 
aged  about  pel'  cent  of  eopiier,  and  in  one 
oiMiration  it  was  possible  to  juiidnce  copper 
from  95  to  08  jicr  cent  pni'e,  us  the  ore  con¬ 
tained  no  dclrimeiitul  minerals.  The  ore  and 
bullion  aliipped  was  loaded  at  Piueo,  Utali,  and 
Carter,  Wyo.  Since  Oetolxir,  1901,  tho  plant 
lias  been  idle.  TIio  metal  production  of  the 
district  is  laigely  estimated  from  sucii  records 
as  were  availalile. 

OHE  DEPOSITS. 
niO.\  OKKS. 

BHODES  PLATEAU. 

Iron  oro.s  have  hecu  developed  to  some 
extent  at  several  localities  in  tlie  rarme. 

O 

Among  these  earliest  discovered  were  the 
deposits  of  Rhodes  Plateau,  whicli  have  been 
briclly  described  by  BoutwcU.’ 


1><)C.\TI0X. 


TheM  iiou  dcis«itH  aro  Hiiuotud  in  'Vasatch  County, 
Utah,  in  ()i«  »)Ulh\vesfcrn  portion  of  the  UiiilA  Hai^e 
iloul  lOmilM.^iiilh  of  its  main  divitio,  oa  lire  main  divide 
belwfwt  PioMi  and  Durfiwnc  dnunages  at  the  head  of 
Sosiwinno  Hasio.  »t  an  elevation  of  l>clwecn  il,ti09  and 
8,700  li|N>l  olicn’e  sea  level.  The  locality  U  owily  acces- 
liblu  fnini  tbi'  wed  hy  ^^^y  of  provo  Itivor  and  Soapstone 
Cafk.  It  is  rcnirtod  thiil  the  roulinualion  of  the  same 
Muto  Iwillnj  by  other  deinwita  to  the  snntli  may  nlw)  be 
Ukou  truin  ijw  Duchesne  mi  the  cast. 

IlDTroiiv  AXD  DKVttLOPMKXT. 

The  imn  poihaldy  diacoveml  and  liwl  iiscil  by  fbe 
*™*  *  ''^‘“blo  aiilliority  itiforins  the  aTiter  that 
the  ml  ore  el  thoie  inin  dc|Ki,Hits  was  used  bv  them  for 
ptiiii. 


Iti***^'  *  '*■’'***“'’  V.  C.  ITcikpx,  dnU'l  Durtnwnr,  Ulali,  June  5, 


I  ^  M.,  Inii,  oros  in  ihc  iMnm  Mountains,  Ctuh;  O.  3  Geo 

8un-.r  Boll. ».  ivp.  ■Qs-rs,  .  v  no.,  u .  a.  Geo 


About  2.>  yearn  ago  the  most  protnuiing  depasits  were 
located  by  a  party'  fn>m  Ileber  led  I>y  a  man  nametl  Ourn- 
miags.  It  ia  believed  that  they  did  the  first  actual 
developreieiit  work  on  the  property  and  hauled  a  few  broils 
01  ore  to  ihe  .xincUer.'*  in  Salt.  Lake  k'ullcy.  Two  vinis 
hirer,  when  -Mr,  [T.  \V,]  Potts  fir.d.  x-isited  the  locality,  he 
noted  “  two  ...mall  cuts  about  200  foot  apart  ”  which  “looked 
os  though  10  or  12  tons  of  ore  might  have  Iveou  taken  out.’’’ 
In  1879,  njjon  the  completion  of  a  smeller  at  Park  City, 
he  mined  200  toiwof  thi.s  iron  ore  and  delivered  it  at  the 
smelter  for  fiUX.  ilie  following  year  he  delivered  300 
loiw,  and  further  shipments  were  then  stopped  by  the 
closing  of  the  smelter.  It  is  thus  known  that  aliipmenis 
were  made  anioun'ing  to  500  tons.  It  is  believed  that  the 
total  is  a  little  higher.  .la  IS82  or  18S3  ihegronnd  was  sur¬ 
veyed  for  patent.,  and  seven  claims,  each  GOO  by  1  ,fiCO  feet, 
were  eventually  patented  to  R.  P.  Forrj'. 

CHAR.VCTEK  Of  ORK. 


The  oro  is  a  red  heniatito  of  two  varieties,  the  red  ochcr- 
OUH  and  the  gray  marsive  semispecular.  It  varies  in 
purity  from  samples  of  higher  grade,  which  axe  solid  pun? 
in>n,  to  samples  which  are  lirecciaa  mude  up  of  angular 
fragments  of  ore,  to  others  which  include  iiairnn  silicwnis 
gangue,  and  finally  to  those  in  which  the  barren  countrj' 
nxk  ]irodoroinataiig  incloses  fiatches  of  lean  ore.  The 
following  analysis  is  frf  a  selected  sample  of  tlic  high-grade, 
maivrive,  scuiisfiecular  variety: 

Ari'ibi.tix  of  red  iron  ore  {henmliu). 


I.Vwilyst,  E.  T.  .\lkn.l 

Fe,0, . 

A1..0, . 

Tibj . 

CaO . 

MgO . 

SiOj . 

s . 

PA . 

An . 


79.34 
.15 
Xoue. 
None. 
Trace. 
IS.  55 
None. 
'IVaco. 
Nouo. 


Tho  aliove  analysi.s  rcvcabi  not  uni)  a  high  content  of 
iron  and  a  .suitable  amount  of  ailira  hut  also  a  most  desir¬ 
able  absence  of  tho  deleterious  elcmeiite,  titanium  and 
sulphur,  aod  only  a  trace  of  phosphorus.  lu  .^i’nort,  it  in¬ 
dicates  a  high-grade  workable  iron  ore. 


occunriEXCE  op  ore. 

The  features  shown  by  tJio  few  companitix'oly  restricted 
croppings,  together  with  (hose  revealed  in  the  two  small 
open  cuts,  d.id  not  afidnl  complete  evideuee  as  to  Ihe  true 
nature  of  the  occurrence  of  the  iron.  The  country  ro<'k  is 
a  gray  limestone.  I  n  ite  sodd  le  i  n  which  the  ore  has  betm 
worked  tho  general  southerly  clip  of  Ibo  strata  (S.  60®  W. 
10®)  pntwai  into  a  gentle  northerly  dip,  thus  forming  a 
shallow  trough.  Further,  certain  dLragreeinenis  of  dijsi 
and  Konca  uf  breccia  suggest  that  the  defcirniation  at  tide 
point  iacludea  not  only  local  folding  but  also  fracturing 

•Til#  prlnclp#!  huturicol  tools  hci*  Kivon  aro  t*s*«l  on  IntorJasUon 
roppllo.1  by  W.  V.  Hlco,  of  Salt  IjUco  City,  wlio  vbltod  lW» 

Iho  Mrly  elKtilie!i,  whUo  aasociatod  witli  iho  ovraers  of  lb#  propuriy 
from  whk'h  ore  vns  alilppod,  and  by  T.  W.  Polls,  of  Wwidlard,  wl>° 
saistod  In  l!ie  survey  of  Uiat  sronnd  for  pulciit  and  took  tb#  contract 
to  IruiuiHirt  «ht  oro  lo  Park  City. 


UIXTA  MOl-XTAINS. 


^ts  of  60  to  Tf)  feet  of  cosu-se  congloincrate 
overlain  by  rod  ferruginous  shales  and  tb.ese 
again  by  red  quartzite.  The  lower  members 
tetv  considerably  from  place  to  place,  the  con¬ 
glomerate  membo!-  being  mucli  tliinncr  in  Ked 
Creek  Canyon,  as  reported  by  V.  L.  1  less. 

Tlie  older  schists  .'uul  quartzites  are  cut  by 
dioritic  dikes  and  in  Jessie.  Ewing  Canyon 
bysmnll  pegniatiticdikcs.  'Fliesewere  nowhere 
seen  e.\'tending  into  the  overlying  red  quartz¬ 
ite  series,  and  as  the}'  arc  more  metamor¬ 
phosed  tlinn  the  red  quartzite  they  are  thought 
to  be  pre-Cnmhrian  in  age. 

Faults  and  fissures  connected  with  the  ore 
deposits  iu  Jessie  Ewing  Canyon  strike  in 
general  northciist  about  pai-aDel  to  the  .scliis- 
tosity  of  the  rocks.  Part  of  thefaultuig  is  later 
than  the  deposition  of  the  red  quartzite,  but  it 
is  probable  that  the  fisauring  connectcvl  with 
the  om  de[X)8its  is  earlier, 

ORES. 

Many  of  the  fissures  are  oceupie<l  hy  (he 
dioritic  dike.s.  The  ore  deposits  are  very 
commonly  iiTcgular  veins  of  quartz  or  quartz 
and  coi'honato  carrying  the  metallic  minerals. 
Quartz  is  apparently  the  prevailing  ganguc 
mineral,  though  a  brown  cai'bonate  was  noted 
at  several  pliicc.s.  ITie  original  sulphides 
were  pyrite  and  some  copper  sulpnide,  pre¬ 
sumably  ebalcopyrite,  and  were  contained  in 
the  veins  and  disseminated  for  short  distances 
in  the  quartzite,  schist,  and  diorite  forming 
the  vails. 

The  copper  sulphides  at  preseut  developwl 
are  mainly  bornite  and  clinlcocitc.  The  pyrite 
grains  have  been  fissured  and  e.xhibit  the  struc¬ 
ture  that  Grn  ton  ha.s  characterized  as  “e.xploded 
homb  structure.”  In  some  specimens  bornite 
hoe  replaced  almost  the  whole  of  the  grains, 
Ifaviug only  small  cores  of  pyrite;  but  iu  others 
tho  bornite  forms  only  as  small  veinlcts  in  the 
grams.  The  bornite  in  turn  has  been  partly  re¬ 
placed  by  chalcocito.  Commonly  the  replaoo- 
by  cbalcocite  begun  along  tho  contact  of 
the  pyrite  luid  boniitc  and  progressed  inward 
toward  the  center  of  tho  veinlcts.  In  some 
^eirJeta  the  relations  indicate  that  the  chalco¬ 
lite  first  replaccKl  pyrite  and  was  in  turn  re¬ 
placed  by  bornite,  but  the  relations  us  a  whole 
^•ungly  indicate  tiic.  other  order.  In  the  field  - 
Jt  Was  coiisidcrcxl  that  the  richer  sulphide  ores 
*d  resulted  from  enrichment  by  downward-  I 
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moving  solutions.  Near  the  surface  much  of 
the  copper  sulphide  has  been  oxidized  to  car¬ 
bonate. 

In  Red  Ci’eok  one  vein  in  particular  con¬ 
tains  considerable  hematite.  Willow  Creek 
was  not  visited,  but  the  deposits  are  said  to 
he  similar  to  those  in  Jessie  Ewing  and  Red 
Creek  canyons. 

UBAS’IU.M  DEPOStTS. 

I n  .some  of  the  deposits  in  Rod  Creek  Canyon, 
in  the  Browns  Park  area,  a  small  amount  of 
carnotite  U  found.  It.s  mode  of  occurroiu'o. 
accordingto  F.  L.  Hess,  seems  to  be  similar  to 
that  of  the  copper  minerals.' 

OCTKAT  BEGIOK. 

DEVKLOIME.ST. 

In  the  vicinity  of  Ouray,  Inuta  County,  rjcar 
tho  junctiou  of  Green  and  Duchesne  rivem,  the 
numerous  occunences  of  copper  ore  have  V>een 
somewhat  prospected. 

There  has  been  no  important  production 
from  the  region.  Early  in  1910  a  leaching  plant 
was  completed  by  the  Cteland  Mining  Co.  on 
Green  River  about  5  miles  below  Ouray  but 
has  not  l>een  operated. 

GEOLOGY. 

The  consolidntcri  rocks  of  the  region  are  all 
Tertiar}'  sediments,  and  arc  believed  by  E.  G. 
Woodioifl  '  to  belong  to  tho  Eocene  Bridgor 
formation.  They  consist  of  interbeetded  sand¬ 
stones  and  shales — at  some  horizons  of  rather 
thick  sandstone  beds  overlain  by  tliick  shale 
beds,  and  at  other  horizons  of  alleruato  rather 
thin  bods  of  sandstone  and  shale. 

The  sandstone  beds  aud  to  a  lesser  extent 
the  sliale  bo<is  thin  and  thicken  rather  abruptly 
along  tho  strike;  and  some  of  the  thinner  bods 
pinch  out  entirely  iu  a  very  short  distance. 
Most  of  tho  sandstone  beds  are  of  medium 
groin,  though  some  oro  of  coarse  sandstone  or 
fine  conglomorote.  Pjxmounced  cross-bedding 
is  common  in  the  sandstone.  Tho  sliales  are 
commonlv  fine  clay  shales  that  readily  break 
down  on  exposure  to  the  weathei’. 

A  rock  that  was  noted  at  several  localities 
in  small  lenses  consists  of  a  lino  sandy  matrix 
inclosing  small  lenticular  masses  of  hardened 
clay  and  rather  abundant  Iragmental  platU 
remains. 


I  Oral  oomniuniratloa. 
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OnE  DEPOSITS  OK  UTAH. 


At  numerous  localities  tbo  saDiIy  beds  con¬ 
tain  plunt  remains,  consisting  of  isolated  stems 
of  plants,  some  of  which  arc  several  inches  in 
diameter  and  several  feet  in  length,  of  abun¬ 
dant  leaves,  ree<Ls,  and  fragments  collected  in 
lenticular  bodies,  few  of  which  arc  moro  than 
a  few  inches  to  n  foot  in  thickness  and  more 
than  a  fow  yards  in  extent. 

The  sedimentary  rocks  arc  nearly  horizontal 
ond  thero  is  littlo  faulting.  Fissiiring  is  mo.st 
conspicuous  where  the  fissures  have  been  filled 
w’ilh  gilsnnito.  A  very  few  li.ssures  were  noted 
in  connection  with  the  copper  deposits. 

o«Ka. 

The  priticipal  prospects  thus  far  dcvelopcfl 
arc  -1  to  miles  north  and  3  to  <l  mill's  north¬ 
west  of  tho  lUoIarul  mill.  Other  prospect.s  are 
ejoso  to  tho  mill  and  still  others  arn  reported 
near  Green  River,  a  short  dLstance  above 
Ouray. 

Tlio  typical  orx;urrenco  of  tho  copper  ore  is 
iu  (he  sandstone  in  close  assoidulion  with  plant 
remains  that  have  been  in  part  silicified  and  in 
part  enrhonized.  Tho  carbonized  portions  liavo 
been  partly  replaced  by  some  copjior  minerals 
Chalcocito  was  the  only  copper  sulphide  recog¬ 
nized,  but  tho  rather  abundant  oxiac  of  iron 
as.soi'.iated  with  some  of  tho  copper  cnriionate 
sugge.sts  that  too  original  copper  mineral  may 
linve  been  in  part  at  least  chalcopyrito  or 
boraito. 

Tho  ores  at  the  surface  aro  prirctically  all 
oxidizwl,  prevailingly  to  malachite.  Many 
Jragjnents  of  lossil  plants  in  tho  o.xiilized  nmte- 
riid  are  sniTounded  by  a  shell  of  sand  grains 
cemented  by  hydrous  oxide  of  ii-on,  outside  of 
wliicb  the  grains  are  eemontotl  by  carbonate 
of  copper.  It  seems  probable  that  both  the 
iron  and  copper  have  l)ecn  derived  from  the 
sidncials  that  originally  rcpiaicd  the  fo.ssU 
[dants,  ami  Mint  during  tho  process  of  o.vida- 
lion  tho  copper  moved  farther  outward  than 
the  iron. 

Tile  ropluceme.nf.  of  large  fragments  of  plants 
has  pnHluccd  small  bwUcs  ol  rather  high  grade 
ore,  1111(1  the  roi>laromcnt  of  small  fra<zmcnts 
sctttUwcd  through  Uio  sandstone  has  iirodiiccil 
low-gi'ttde  ore.  , 

The  ore  IkkUi-s  outcrop  ns  narrow  bamLs  I 
along  a  cliff  or,  wlicm  the  surface  chances  to  be  j 
erod.al  jiLst  down  to  the  copper-bearing  strata, 
strew  tho  surface  with  copper  ore  over’coiisid-  i 


erublo  area-s.  These  coppcr-l>earing  hods  cor- 
respomf  to  tho  len.sc.s  containing  ahmnlniil 
plant  remains  and  aro  usually  thin,  so  that  in 
actual  mining  ojiornlions  it  would  bo  necc-ssai-v 
to  break  considcrablo  waste  rock  and  it  would 
be  dilhcuJt  to  prevent  its  admixture  with  tbo 
ore. 

In  1017  it  wius  reported  that  molybdeuuin 
ores  had  been  discovered  2  miles  west  of  Ouraj'-, 
on  tlie  .south  side  of  Duchesne  River.  Aci-ord- 
ing  to  W.  T.  Schaller  the  molybdenum  Is  in 
tho  minorul  ilseniatniite,  a  hydrous  sulphate, 
MoOjSO,v5fIjO.'  So  far  os  known  there  has 
been  no  pi-oduction  from  this  occurrence. 

UTTLE  SPLIT  MOUNTAIN.* 

Littlo  Split  Mountain  is  in  the  ea-stoni  part 
of  Uinta  County,  near  th.e  point  w'hero  Green 
River  crosses  tho  Ulah-Colorado  lino. 

Copper  %vns  discovered  in  tho  region  about 
1S96,  and  it  is  roporlod  that  in  1899  about  5 
tons  of  concentrate,  produ(;od  by  hand-cobbing 
ore,  was  shippt'd  to  Park  City  and  yielded 
about  56  per  cent  copper  and  69  ounces  of 
silver  per  ton.  No  gold  was  reported.  In 
recent  years  there  has  been  no  production. 

Tho  copper  deposits  are  roached  from 
Jensen,  a  distance  of  about  30  miles,  by  a 
Wagon  road  that  in  1913  ivas  in  poor  repair. 

Tho  rocks  of  tho  momitain  consist  of  iiiter- 
boddod  sandstones,  shales,  and  limestone  with 
scams  of  coal  of  upper  Carboniferous  age. 
Tlio  rocks  Imvc  been  faulted  and  dip  at  angles 
of  4.5°  and  upward. 

Cnpper  embouate  and  chalcocito  occur  in  a 
saiulstoiio  about  8  feet  thick  above  two  seams 
of  coal  6  to  8  inche.s  thick  and  10  to  12  fei't 
apart.  Above  the  copper-bearing  sandstone 
is  a  whiter  bed  2  feet  thick,  whicJi  seems  to 
contain  no  copper.  The  copper  mincral.s  re- 
pliM.'O  plant  romaitis  and  bones.  A  little  cop¬ 
per  occui-3  in  carbonaceous  shale  below  the 
sandstone. 

Gold  is  rcporteil  from  tho  base  of  the  copper- 
hearing  saudstoiio. 
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SAN  RAFAEL  SAVELL, 

By  B.  S.  Butlkr. 

The  following  summary  of  the  topography 
Mid  geology  of  the  San  Rafael  Swell  i.s  quoted 
from  Lupton ;  ^ 

TOPOGRAPHY. 

TTie  moat  prominent  feature  of  the  loixMmphy  of  this 
i^Rioa  ia  a  eerlea  of  buttes,  mesa-s.  and  "mattes."  which 
Bicircle  an  area,  tpcally  known  as  "Sinbad."  which  i*  40 
tc  90  miles  long  and  10  to  20  miles  in  wirlth.  These  f»ii- 
’*ncaily  erxxlcsi  forms  represent  the  outcrop  of  a  gray 
r^ve  ciij«s-bedded  Jurassic  sandstone  800  feel  thick 
1  is  practicable  to  cron  the  Swell  at  only  n  few  jdactsa  on 
•tconot  of  the  almost  unpa^tuble  barrier  formori  by  the 
Modstunii  rim.  Nearly  vertical  scarps  and  canyon  walla 
W L  600  feet  in  height  are  not  iinuauul.  Tbo  buttes  and 
It***'**  “hove  referred  to  are  conspicuously  sliown  on 
4  8a.a  Rdfael  topcigraphic  sheet.  I<ow  ‘‘hogbacks." 
I  by  n^istant  beds  in  the  overlying  strata  the  tops 
InTk  l**’'''l'ice  dip  slopes  of  N’ury'ing  extent  depending 
Jio  inchnation  of  the  beds,  encircle  this  bell  of  rugged 
7^*'^phy.  .A  view  to  the  west  from  the  interior  of  the 
iiTr  f!'**  impression  of  looking  up  a  very  gontly 

bV*^  ''“^colored  stairway,  tho  steps  of  which  intTease 
*■^1  as  the  top,  represented  by  the  Wasatch  Plateau, 
"approached.  Badland  topography  in  coiUTnoB,  eijpo- 
near  stream  courses. 

7*.,  Kot«s  on  Iho  nn>Eofy  ot  Uio  8^  ILUmI  SwrrU,  Itudi* 
'ia  vol.  Z.  rp  l  SS-ISS,  lOIZ.  ftw  also  Emery, 

Di'scrt  wAJon,  Utat;  Am.  Jour.  Set.,  «h 
«,Pp.i51-fi77,J9IS. 


GEOLOGY. 

Structurally  tho  Swell  is  an  elongated  almost  P.,at-toppcd 
dome  e-xtouding  northeast  and  southwest.  Tho  dip  of  tho 
strata  along  the  west  Hunk  is  generally  less  than  10“, 
when-os  that  along  the  east  flank  is  as  much  os  70°.  The 
strata  in  the  interior  of  the  dome  are  eoraparativcly  flat 
,  lying,  tho  pri;ici{)al  lino  of  flexure  being  nesu  tho  east 
flank.  Local  minor  domes  wore  noted  along  (ho  west  side. 
Faults  with  displacemenu  ranging  up  to  mors  than  100 
feet  were  observed  in  and  no;ir  Cedar  Mountain  or  Rod 
Plat^u  at  (lio  north  cud  of  the  region.  Con.siderablo 
fmilting  probably  has  occurred  along  the  east  flank. 

Carliociiforous  (?).  Tria«ic.  Jurassic,  and  Cretaceous 
formal ti:<D8  aro  well  cx).io8od.  Tho  lower  pirt  of  the  sec¬ 
tion  described  below  wua  correlated  with  the  Boclion  noted 
by  Gilbert  in  the  Ileiir)'  Moimtaios  region,  whereas  the 
itpiwr  pert  is  almost  equivalent  to  the  Book  Cliffs  section 
to  the  north.  The  lowest  rocks  oxp(»K*<l  in  this  region  oro 
represented  by  a  liincslone  prohal)ly  of  Carboniferous  age 
noted  by  F .  L.  Hess  nesir  tho  Snii  Rafael  River  on  the  ca.«t 
I  side  of  tho  Swell.  .\l)o\’o  tlie  limestone  there  is  a  soriea 
I  of  soveral  hnndrerl  feet,  of  eundstoiio  and  shale  interbedded 
which  probably  aro  repreaentatives  of  the  Rlummimp 
1  group  (of  Pennum  and  Trianrie  age)  and  tho  VenBilion 
i  Cliff  sandstone  (of  Triassic  ago).  UnconformaWy  (?)  over- 
lying  these  l>od8  is  a  tiuuauvo  much  crotB-bedded  gray 
sandstone  SOO  or  more  feel  Brick.  This  is  the  Gray  Cliff 
sandstone  (of  Jurassic  age)  of  GiibcrUe  Ilonty  Mountains 
section,  which  fonna  the  ttHking  topography  refermi  to 
almve  and  is  in  oil  prolurbiliiy  (ha  mine  as  tho  AATiite  Cliff 
.sandstone  of  tho  eastern  Uinta  and  southern  Utah  sccliona 
of  Powall.  Conformrrbly  overlying  this  eundstnne  ia  a 
Bcipionce  of  1,3.)0  foot  of  reddish  and  pray  wudatono, 
sandy  slnUe,  and  thick  beds  of  gypsum,  which  is  appro.xi- 
malely  equiralent  to  tho  Flaming  Gorge  formation  of 
Pow'ell  and  corrcapoinle  closely  with  the  Flaming  Gorge 
ionnatioc  as  described  by  Gillrcrt  in  (he  Henry  Jfoun- 
lains.  Five  hundrad  foot  of  cunglouicrato,  sandstone,  and 
sandy  shale  of  greenish  drab  color*  overlying  these  strata 
correspond  to  the  larger  port  of  the  Ilonry  Fork  formation 
as  identified  by  Gilbert  in  tho  Henry  kloimtains,  but 
prolwbly  shoald  bo  clanrified  with  the  Flaming  Gorge 
formation  of  Powell.  Si.xty  to  one  hundred  foot  of  grayish 
aanristono  (which,  near  Cedar  Jfountaln.  is  replaced  by 
conglomerate)  and  mudy  shale  with  tliin  streaks  of  coal 
at  tho  top  and  base  unconfomwbly  (7)  overlio  the  cun- 
gloraeratie  strata  just  described  and  probably  represent 
the  Dakota  sandstone.  Iliissandstono  ixwrcBpoDds  to  the 
uppermost  part  of  Gilbert’s  Ileiirys  Fork  formation.  Tlie 
Mancos  shale,  about  4.UOO  feet  thick  and  consisting  of  three 
merabera.  rests  upon  tho  Bakota  (?)  in  apporent  con¬ 
formity.  In  places,  however,  a  thin  bed  of  eofudomesrate 
separates  the  r)akota(?)Bandstuno  from  thooverlyingshale. 
The  Maneos  outcrojis  in  a  munoclinal  valley,  thn  west  part 
of  which  is  known  as  Castle  Valley.  Tho  lowest  memhor 
consists  of  about  6<H}  feet  of  bluish-drab  shale  which  is 
sandy  in  its  lower  and  upper  jporlions.  _  Overlying  this  ia 
a  sandstouo  member  approximately  600  fet>t  thick  con¬ 
taining  coal  bods  near  the  top.  'ITiis  sambtonu  probably 
is  equivalent  to  the  Bluegalo  atnrlstono  of  Gilbert's  Henry 
Mountains  section  and  is  repivscaicd  at  tho  north  end  of 
tho  Swell  in  the  vicinity  of  Simnysido  Junction  by  a  thin 
concretionary  sandy  formation.  Overlying  tlio  sandatoiio 
is  about  3.000  feet  of  grayu4i-dnib  shale,  wliich  is  aondy  in 
its  lower  and  upper  i>artA  Conformably  overlving  tho 
Maneos  shale  is  the  Mesaverdo  formntiuo.  I.lOO  foot  thick 
(in  the  vicinity  of  Emory),  which  caps  the  east  acarp  of 
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COPPER  DEPOSITS. 


Iho  1  Copper  deposits  in  (Uc  sandstone  have  been 

/  S^if.  Khich  Wtw  noted  .t  .ovenl  , _ PI  y  along  the  east  side  of 


"str::.rdli;r^' \  .vp'oS  at  sevcal  places  along 
lo^liik-  ne..r  Oh;  »uih  ot  tbo  S«ll.  ^  g^.^U  but  have  not  been  ted  by  the 

aorlh  iiH  Muddy  or  Curti*  Creek. 


OBE  Dsposrra. 

No  minin"  was  carriod  on  m  the. 
the  San  Kafael  SweU  until  the 
rare  metals  a  few  years  ago  led  to  prospci  t.  ig 
and  to  the  sliipment  of  considcrubJo  ore. 


llU,\N*UOI-V.\N.\DnDI-UAnlCM  DEPOSITS. 
Uranium  and  vanadium  deposits  huvo  been 
found  at  numerous  points  along  the  San  Ka  >u. 
Sw('ll;  and  ores  have  been  mined  and  shipped 

principally  from  llic  duims  of 
of  America,  about  12  niUcs  west  of  Green  River 
and  a  little  north  of  the  pomt  whore  San 
Rafael  River  passes  through  the  reef  and  trom 
Iho  deposits  at  Temple  Rock,  toward  the 
southern  end  of  the  mef,  about  4.5  miles  from 
Green  River. 

Tim  iinmium-vanadiura  deposits  along  ttve 
San  llafiml  Reef  occur  at  two  horizons,  though 
at  neither  am  they  confined  to  a  single  definite 
bed  *  but  occur  in  sandstone  strata  separated  in 
places  by  bccU  of  shale. 

The  lower  horizon  is  in  the  Triassic  shales 
below  thereof  siuidstone  liter  near  the  horizon 
of  the  Shinaruinp  conglomerate.  The  pnnci- 
pal  mining  at  this  horizon  has  been  at  Temple 
Rock,  though  prospects  have  liecii  located  to 
both  the  north  and  the  south  and  deposits  arc 
niported  from  the  west  side  of  the  Swell.  At 
Temple  Rock  the  uranium  and  vanailium 
minerals  occur  in  stiata  of  sandstone  and  arc 
usually  associated  with  fossil  plant  remains. 

The  upper  horizon  is  in  the  McElmo  foi-ma- 
tioii.  jVs  at  other  locnhtics  iu  the  State  the 
minerals  impregnate  the  sandstone  and  replace 
tho  plant  remains  in  certain  strata  of  sand- 
stouo.  The  depasits  usually  form  louses  of  no 
great  c.vtciit  and  in  places  nmlace  only  a  single 
tree  trunk.'* 

Mining  on  the  claims  of  the  Radium  Co.  of 
America  began  in  1912  and  has  been  conducted 
iiiLcriuitU’ntly  since  that  time.  Deposits  in 
tho  aaudstonc  of  the  McElmo  are  reported 
fartlicr  north  on  the  Swell. 

1 8«c  .-iko  iJ«M,  F.  I.., CuTulUo  war  Unwn  Klvcr,  Ulab;  U.  S.  GpjI. 
sunry  null,  sjo,  pp.  lai-ia,  low. 

•  nouivrfU,  1.  M.,  VaiudlMnk  ami  iirmium  In  iuull4<v(rni  I'aib: 
U,  a.  UcnI.  Survwy  Dull.  »U.  p.  »>),  MM. 

*  lI'i'iArd,  I..  O.,  Tli«  klaT«loiiiu«i)t  at  uur  nidiuro-lvtrlnr  orev:  Salt 
l.nlto  Win.  Rov.,Fch.  W,  WM. 


the  Swell  but  have,  not  been  visited  by  the 
witer  Tliey  are  reported  to  be  similar  in 
character  to  the  "red  bod”  deposits  in  other 
parts  of  tho  State. 

LA  SAL  MOUNTAINS. 

By  B.  S.  Butleh. 
general  features. 

The  La  Sal  Mountains  are  in  ea.stern  I  tali, 
a  few  mUes  from  the  Utah-Color  ado  State  lino 
in  Grand  and  San  Juan  counties— about  half 
in  each.  The  region  is  reached  from  the  Denver 
&  Rio  Grande  Railroad  from  cither  Thompsou 
or  Cisco.  Prom  Thompson  a  daily  stage  nms 
south  for  alwut  35  miles  to  Monli,  which  is  tho 
distributing  center  for  the  western  and  south¬ 
ern  side  of  tho  range.  From  Cisco  a  stage  line 
runs  3S  miles  to  Richardson  and  Castleton,  at 
tho  base  of  tho  north  end  of  the  range. 

The  La  Sa.1  Mountains  arc  an  irregular  group 
about  15  miles  long  from  north  to  south  and 
4  to  6  miles  wide.  'Che  highest  peak,  Mount 
Pcale,  is  slightly  over  13,000  feet  high,  and 
several  peaks  reach  12,000  feet.  The  liigher 
peaks  rise  5,000  to  6,000  feet  above  the  sur¬ 
rounding  plateau. 

SuiTouiiding  the  central  monntnin  mass  is  a 
plateau  or  mesa  that  in  many  places  has  not 
been  maturely  dissected  by  tho  streams  and 
that  forms  benches  sloping  gently  fi-oni  the 
mountains.  The  diainage  is  radial  from  the 
central  moss  and  is  typical  of  the  laccohthic 
mountains  of  the  plateau  country.  Tho  dram- 


age  from  tho  west  side  is  to  Grand  River  »md 
from  tho  east  side  to  the  Dolores  and  thence 
to  the  Grand.  A  short  distance  from  the 
mountains  the  streams  are  in  canyons,  but 
near  the  raountnlns  an  old  mature  erosion  siir 
face  is  still  presci'ved,  and  it  is  possible  to 
iiTigate  the  mesas  suiTounding  the  mountiuns 
from  theslreatns  before  they  enter  the  canyons. 

Water  is  scarce  throughout  the  area.  Small 
streams,  some  of  which  peroist  throughout  t  ic 
summer,  flow  from  the  moimtuins,  where  sno'' 
lies  till  lato  in  the  spring.  The  stream  m 
Siinnish  Valley  is  the  largest  and  irrigates 
several  hundred  acres  about  Moab. 
streams  sciwe  to  irrigate  a  few  ranches.  ^ 
the  high  mesas  small  areas  are  irrigate! 
dry  farming  is  conducted  with  conaideia 
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LA  SAL,  MOUNTAINS. 


success.  The  agricultuial  possibilities  of  the 
region  seem  sufllcient  to  supply  any  mining 
^^lur.ity  that  is  likely  to  develop.  On  the 
kiaber  slopes  of  tho  mountains  is  cou3idoral)Ie 
t^ber  that  is  suitable  for  building  and  for  mine 

timbering.  geology, 

Tho  prevaibng  rocks  are  sedimentary,  the 
igneous  rocks  being  confined  to  the  core  of  tlic 

uoiuit-tiBs. 

SEDIME.VTAUY  KOCKS. 

seqdejtce  ahd  correlation. 

The  following  generalized  section  shows  the 
sequence  of  the  rocks  and  their  con-clatiou 
with  those  Lo  the  west; 

A-ivnmnatt  (orrclalxon  of  Jormatioi^  in  southv’tstmi  Coh- 
*  ra'io  QTxd  C  toA. 

SaaJuan 

tldunuiia, 

Colo. 

(Ow), 

La  Sal  regioo,  Utali. 

UinU  Moun¬ 
tains,  Utah 
(Powell). 

Vlaocoa. 

Mnneos  n’lalc. 

Fttl. 

3,000 

llewyaFork. 

Dakota. 

OakoU  aandotoDO. 

40+ 

UcElno. 

McElrao  formatiim 
(iindstone  and 
ahalo). 

1,200 

Flaniiiig 

GoPe'C. 

La  PbU. 

La  Plata  oandstone 
(gray  sandotone). 

U  nconfont.  it  y — 

Triassic  (sand- 
otouc  with  shale 
at  base). 

050-800 

Wliite  Cliff. 

Do!or»i. 

SOO-O-W 

Vemiilion 

Cl  La. 

Cutler. 

Rko. 

Permun  (land- 
otono  and  shale, 
gypsiferou.s). 

.at)  SOO? 

Shlnarump. 

tlenuroa. 

Penosylvanian 
(liineetoiio  and 
sandstone). 

1,000? 

Aubrey. 

CAJftBOKlFEBODS  SYSTEM, 

The  oldest  sedimentury  rocks  recognized  iu 
the  region  arc  interbedded  limestone,  sand- 
sloiw,  and  shale  of  Pennsy  lvanian  (upper  Car- 
honiferoua)  age.*  Newbeny  describes  over 
1(200  feet  of  Carboniferous  sediments  from 
Canyon  Colorado,  a  few  miles  above  the 
’Hnclioii  of  Grand  River.  Powell  coUected 

Whtlni.m,  StnitlRraplilf  icoulM  of  •  rwonnabsanco  ta  wwter* 
»nd  Eistern  Utah:  Jour.  Ccoloey,  vol.  15,  pp-  C34-fi7?,  1907. 
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Carboniferous  fossils  from  the  rocks  at  the 
jimctioii  of  Grand  and  Green  rivers.  Cross 
describes  a  section  about  tlu-en-fourths  of  a 
mile  northwest  of  Grand  River,  on  the  stage 
road  between  Moab  and  Thompson,  wliich 
consists  of  j:i9  feet  of  iutorbedded  limestone, 
sandstone,  and  slinle  underlying  a  cliff  of  red, 
pink,  and  gray  sandstone,  apparently  embrac¬ 
ing  the  Vermilion  Cliff  sandstone  and  po.ssibly 
a  part  of  the  Wliitc  Cliff  sandstone.  “The 
upper  lQ4i  feet  of  the  section  ropre-sents  the 
fossiliferous  Triassic  beds  immediately'  below 
the  Vennihon  Cliff  sandstone.  ♦  'Plic 

next  44  feet  of  beds  is  pro\'isionuIly  referred  to 
the  Pcj-mian.''  The  remainder  of  the  section 
is  believed  to  be  Penns ylvanian.  Pennsyl¬ 
vanian  .strata  were  observed  by  the  Ch-oss  {liirty' 
in  Sinhad  Valley',  Colo.,  and  had  liccn  pre¬ 
viously'  j-eported  from  that  locality'. 

Southeast  of  tlic  La  Sal  Mountains,  in  Big 
Inclian  Valley,  an  anticline  striking  northwest 
has  brought  up  the  Carboniferous  rottks. 
.\bout  10  miles  southeast  of  La  Sal  the  north¬ 
east  wall  of  tlio  valley  for  several  miles  is 
formed  of  interbedded  saudstoneB  and  lime¬ 
stones.  Fossils  collected  from  those  were 
determined  by  G.  11.  Girty  as  follows: 

Lot  a. 

ristuliimw  Kp. 

DaUidtniuel'a  sp. 

SlioblolJy  pa?  q>. 

Chonotes  aff.  C.  grauiilifer. 

Privliictiis  fiertenaii. 

.Maiginifcr*  waliaslicnsii. 

Rhynchopom  aff.  R.  nikiditi. 

Rhyarhopiirivaff.  R.  illinoissjasia. 

S<]’,iaia<'.lariii  pcrploxa. 

Spiriiurina  kentiirkyensis. 

Belloroplvdi  ap. 

Lot  B. 

Echinocriniw  sp. 

nat<3a)ooiello  ap. 

Po3(i'actus  wmirotinilatufl. 

PriKluctus  <  i)T9. 

Pmcluctiw  nebraakensLa? 

Prodijrtua  pertenai*? 

.MargLnifcra  wabasbciw. 

Rbyrnhopora  »ff.  R.  nikitini. 

Rhyntboponi  aft.  R.  illinoisensto. 

Sqimmulariii  perpU-xa 

Of  these  Mi'.  Girty  .says:  "  Lots  A  and  B  are 
'  closely  related  and  aro  clearly  of  Pennsylva¬ 
nian  age.  I  would  hardly  regard  them  ns  late 
Pennsylvanian,  and  certainly  they  arc  r.ot 
Perminn.”  StratigraphicaJly  tho  limestone 
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sjofics  i)[)j)t'ai’s  to  lie  Uio  cquiviilioit  of  that 
doscribad  by  Cro.'iS  noiir  Moiib. 

^'llc  monibci'S  inimcdiataly  above  tbo  Pciin- 
Kylvaiiiaii  liinc.stoiio  iiiidorlic  liig  Lidian  Valley 
at  tbo  point  where  they  voi’e  cro.'Sted  and 
thereforo  could  not  bo  examined;  but,  fw  Bi|? 
Indian  Viilln3'^  is  a  stijUe  valley,  it  may  be 
infeiTod  tliat  they  ai'o  weak  rocks,  probably 
eompri.sing  much  shale.  Tlie  soutiioast  wall 
of  the  vaDcy  consists  of  a  thick  series  of  rwl 
sundstonoa  ■which  aro  apparently  equivide.Bl 
to  the  Dolores  formalhai  to  the  oust  iin<l  the 
Vcnnilion  Cliff  to  the  lAM-st. 

iSc.vcnil  buiulmd  feet  of  sandstone,  and  shales 
and  p3'psife.n>u3  beds,  reported  to  lie  bolwwn 
the  Peniisylvaniiut  limestono  scries  and  the 
Ti  iii.ssic  at  several  localitii'S  in  tho  ■^dcinity  of 
the  La  Sal  Mounl  aius,  isrcgnrde<l  nsof  Perrnwn 
iiiro.  Cross  has  flescribc<l  such  beds  froni  near 
Moab,  and  gypsiferous  beds  believed  to  overlie 
ilio  Jk'iinsylviiiiiiia  liniestono  in  the  lower  part 
of  Spaiiisli  Valley  probably  belong  to  the  same 
scries.  Gypsiferous  bods  wore,  obscrvotl  b}'  the 
Cross  parly  in  Fislior  Vnlloy,  north  of  the  Lji  Sal 
Mount  ains. 

Cn>s8  also  doscribes  a  sub-Trin.ssic  format  ion 
on  West  Creek  near  the  X.'l  ah-Colorado  lino  ns 
having  a  thickness  of  870  feet  of  conglomerate 
arkoso  and  shale.  What  scorns  to  bo  the  samo 
formation  is  reported  by  Pcolo  from  southeast 
of  tbo  mountains,  and  them  stsmis  little-  doubt 
that  it  oeeui-s  throughout  tho  region.  Thoro  is 
Imlieverl  to  bo  a  pronounced  crosional  uncon¬ 
formity  ut  the  ba-so  of  llw  Ti'iassic,  and  it  is 
possible  that  nt  some  places  tho  underlying 
beds  wore  cotuplolely  e.rodtxl.  This  formation 
is  believed  to  bo  tbo  equivalent  of  tiro  Cutler 
anrl  liico  formatioii.s  of  tho  San  Juau  region 
and  ft  part  of  tho  Shinarump  group  of  Powell. 

TBIASSIC  6YSTEH. 

Tho  strata  botween  tho  unconformity  at,  the 
lop  of  tho  Permian  and  I  ho  base  of  tho  massive 
gray  sandstono  abovo  iiro  considered  to  be 
Triassic.  -iVs  ineasui'cd  by  ( ha  Cross  party  noar 
Moab  they  form  a  mu.ssiro  cliff  of  red  sand- 
stono  about  *200  feet  thick  ovorlying  100  feet  of 
more  shaly  bods.  Tho  total  thickness  of  the 
strata  is  probably  800  to  350  foot.  They 
entirely  sui-round  tho  range  and  are  usually 
conspicuous.  They  ore  equivalent  to  tho 
Dolores  of  tho  Siui  Juan  region  and  to  the 
Vermilion  Cliff  and  tho  uppor  part  of  tiro 
Shinarump  group  of  Powell. 


JCTBASSIC  SYSTEM. 

'I'hc  Jui'irssic  is  represented  by  the  La  Plata 
and  McElmo  formations.  The  La  Plata,  in 
the  vicinity  of  Green  L’iver,  is  described  by 
Lupton  ‘  n.s  a  cross-bedded  eoai>>ti-graiii(!ii  ve.iy 
massive  gray  sandstone  about  700  to  SOO  feet 
thick. 

South  of  the  La  Sul  Mountains,  as  described 
by  Cross,  it  consi.sts  of  tiirec  mombem — a  lower 
<'rav  ma.ssivo  cro3.s-bod<lod  sandstone  250  feet 
thick;  a  middle  iiie.mher  of  about  JOO  feet  of 
thin-bedded  strata,  sandstone,  lor  the  most 
part,  with  shal}'  and  impure  calcareous  mem¬ 
bers  between,  and  an  upper  member  of  fine  and 
even-grained,  strongly  eross-bedded,  yellowish 
or  pinkish,  mas.sivo  sandstouo  about  300  feet 
thiek.  The  total  lliiekucss  of  the  La  Plata 
|Souf!i  of  tlio  La  Sal  Mountains  is  therefore 
I  about  6.50  foot.  The  formation  tliins  eastward 
till  in  Its  type  locality  In  the  TcOimdo  qiiacl- 
ranglo  it  i.s  only  about  100  feet  thick.  The  La 
Plata  Is  eonsidcrod  by  Crass  to  rest  unconfonu- 
i  abl}'  on  the  IViassic,  but  in  tho  La  Sal  region 
the  unconformity  i.s  not  conspicuous. 

The  McEImo  formation,  in  the  vicinity  of 
Green  Kiver,  is  dividetl  by  Lupton  -  into 
throe  membci’s.  A  lower  red  sandstone,  thui 
bedded  above  and  massive  below,  700  feet 
thick;  a  middle  member,  tbo  Salt  Mbish  sund* 
stone  (“gray  conglomeratic  sandstone  which 
outcrops  in  cliffs.  The  sandstone  In  places  is 
lenticular,  soft,  and  friable”),  thiclcness  150  to 
175  firet;  and  an  upper  member  of  “gray  con¬ 
glomerate,  variegated  sandy  shale  and  clay, 
and  a  few  feet  of  limestone  about  175  feet  from 
the  top,”  thickness,  325  to  350  feet,  making  a 
totnl  thickness  for  the  McEbno  formation  of 
about  1,225  feet.  This  formation,  which  has 
been  generally  regarded  as  the  equivalent  of 
the  Flaming  Gorge  of  Powell,  outcrops  at  many 
points  around  tho  La  Sal  Mountains  and 
undoubtedly  once,  covered  tho.  region. 

OEETACEorrs  system. 

The  Cretaceous  in  the  vicinity  consists  of  the 
Dalvotn  sandstone,  which  lies  unconformably 
on  the  Jurassic  rocks,  and  of  the  Mnneos  shale. 
The  thielaiess  of  the  Dakota  sandstone  is  vari¬ 
able.  In  tho  vicinity  of  Green  River  Lupton 
gives  it  as  about  40  feet,  but  south  of  the 
range  it  is  said  to  be  considcxably  greater. 

•  l.uptoD,  C.  T.,  Oil  ami  gt«  niut  Crein*  River,  Crand  Cnualy,  I  •"I'- 
U.  3.  Gtol. Survey  p.  IK,  1911. 

•Op.eit ,  p.  11. 
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0^-erlvu^g  tli‘T  Dakota  sitndstoiio  is  iho  Muii- 
(^shiile,  wiiidi,  nreording  to  Liipton,  ('.iTiisists 
of  about  3,000  feet  of  shale  witli  iiiterlicdcle<l 
jjindstoiic.  Only  the  basal  portion  is  exposed 
near  the  La  Sal  Mountains. 

TEBTtAKY  AXD  QUATEHXARY  SYSTEMS. 

Tertiary  rocks  aronot  knowni  near  the  moun- 
(flins.  Quatornarv  deposits  comprise  the  gla¬ 
cial  deposits  in  the  higher  parts  of  tho  range, 
nsually  not  oxteiuling  below  10,000  feet,  and  the 
gravcDleposits  in  TVilson  Mesa. 

ICrN'KOU.'*  UOfKS. 

Thi'  following  description  of  tlio  igneous 
rocks  is  al)stractcd  from  Hill’s  report:' 

Tlic  core  of  the  La  S.'il  Mountains  is  com¬ 
posed  of  a  series  of  roclvs  probably  all  of  which 
arederived  from  tlieaanio magma.  Tho  earliest 
and  by  f.ir  the  most  widely  distributed  rock  is 
alight-gniy,  fine  to  medium  grninod  porphjTy, 
with  distinct  phcnocr\'.sts  of  pl.agiochise  and 
homblendo  and  smaller  ones  of  pale-green 
au^te.  Normally  this  rock  shows  no  quartz, 
but  here  and  there  blebs  are  notetl  up  to  one- 
eighth  ineli  in  diameter.  Orthoclasc  phono- 
ciysts  are  seen  in  some  spcciinen.s,  but  this 
mineral  is  usually  more  abundant  in  theground- 
mas.s,  a  Ini-gp,  j)roportLon  of  which  is  made  up  of 
finely  granular  plagioclase.  Tho  normal  rock 
is  a  monzonite  porphyry,  but  with  more  abun¬ 
dant  quartz  it  approaches  quartz  inonzonito 
porphyry,  'flic  monzonite  porph.iTy  forms  the 
main  intrusive  mass  and  also  the  knob  north¬ 
west  of  Castleton . 

At  least  two  and  possibly  threci  sots  of  dikes 
cut  the  monzonite  porphyry  in  a  genoml  nortli- 
north&ist  direction.  Tlicy  rango  from  a  few 
f®otto  100  feet  in  width  but  are  relatively  short. 
The  most  common  type  has  a  fine-grained  gray 
Wdsputhic  groundmass  contiuning  conspicuous 
tabular  phenocrysts  of  plagioclase  and  ortho- 
daso  up  to  half  an  inch  or  more  in  diameter  and 
4  small  proportion  of  ferromagnesian  minerals. 

rock  has  been  classed  by  Priudlo  ^  sts  sye- 
®ilo  porph^Ty.  It  weathere  gray  to  yellow  and  | 

os  ft  rulo,  nob  b  on  stained  axc^pt  near  veins, 

A  second  tyi^o  of  porphyry  dike  rock,  called 
by  IVindle  iioselite  .syenite  porpliyry,  occurs  in 

'  HID, I. aa  Ibo  njrtV'rn  U  Sat  MwnliliW,  Crruid  Coonty, 
U.  8.  Gcol.  8ur\'Qy  Butt.  53A,  pp.  IC(t-lW.  Iftll. 

’•‘rhal’e,  L.  M.,  Analyses  at  wks  and  ndnwjli:  I'.  8.  C«ol.  Stuvoy 
*>311.119,  pp  ia).i2|,  1910. 


j  a  few  ilikcs  20  feet  or  less  in  thic.kiic.ss  in  the 
monz(»nitc  porpIi^Ty  and  the  syenite  porph,>Ty. 
It  is  composed  of  very  large  zontilly  banded 
orthochtse  crystals  up  to  l  .V  inches  across  sot  in 
11  medium-grained  porphyritic  groundmass. 
Tho  groundmass,  which  coiistitntea  lo.sg  than 
one-third  of  the  lock,  contains  megascopic 
crystals  of  ortlioclnsc,  pyroxene,  and  nosclite 
in  a  fcltlike  mass  of  orthoelaso  (without  crystal 
outlines)  and  aogirite  needles.  Tito  ortliochiso 
crystals  tiro  rounded  ami  in  place's  weather  out 
of  the  groundmass  as  nearly  peii'ect  crystals. 
The  groundmass  becomes  pitted  and  brownish- 
yellow  on  weathering. 

A  third  tjqiG  of  dike  rock,  qutirtz  monzonite 
poqthyry,  wo-s  found  only  ahout  half  a  m-ile 
west  of  Basin  post  oflicc,  and  there  tlie  crop¬ 
pings  were  largely  coverotl  by  .slide  rock.  Tlio 
I  material  is  all  intensely^  altorctl,  leaving  a 
'  yellowi.sh-whito  pitted  groundraiiss  sliowing 
.scattered  plagioclase  feld-spars  w  ith  abuinlant 
quartz  blelts  and  prismatic  crystals  of  idtercd 
I  white  ortlioclase  from  ono-eighth  to  tlu-oe- 
fourths  of  an  mch  in  longest  dimension.  It 
may  be  that  this  is  simply  a  very  siliceou.s 
phase  of  tlTO  raonzoiiito  ptirphyry,  tlxoiigh  its 
liigh  ortlioclase  coxitont  makes  it  appear  to  be 
a  distinct  typo. 

T!ie  sedimentary  beds  adjacent  to  tho  iii- 
trusivo  rocks  seem  to  contain  no  contact- 
metaniorphic  minerals,  aiul  the  ilescriptioiis 
of  these  nnumtains  mako  no  mention  of  contact 
metumorphism.  Oosssays: 

Olio  iutere^ting  difference  between  these  tnaginas  [the 
Uecolitliic)  And  the  closely  allied  obm  r<i  tho  Clk  .Mounhiin 
diontes  haa  already  been  alluded  to.  Not  only  are  the 
'icdimeiits  adjoining  tho  lucc<ilithic  miive:*  un.nttiic.se<l  by 
heat,  but  they  eoldom  exhibit  any  development  of  eec- 
ondary  minerals  jia  contact  plienoinena. 

The  ago  of  the  laccolith  can  not  be  fixed 
definitely.  'Phe  Mancos  shale  is  involved  in 
the  doming,  so  tho  intrusion  is  later  than 
E«rly  Cretaceous.  Cross  phuiea  it  as  Tcrtiaiy, 
on  an  estimate  of  the  time  required  for  the 
erosion  of  scvernl  thousand  feet  of  sediments 
that  hypothetically  must  have  overlain  tho.se 
now  exposed  ot  the  time  of  the  intrusion  to 
account  for  the  uniform  conditions  of  cooling 
siiowQ  by  tho  porphyries  of  tho  several  hioeo- 
lit.hic  groups  through  a  great  vertical  range. 

Analyses  Anfl  rlescriptions  of  the  principal 
rocks,  t^ca  of  tho  La  SiJ  Mountains,  are  given 
on  page  'J3. 
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The  Ln  Sill  is  »i  typical  laccoUthie  mouDtam 
Kroup  (p.  »:3),  being  fonncrl  hy  igneous  rocks 
that  have  ri.sen  through  relatively  narrow  fi^ 
siires  and  spread  out  hotwcon  certain  sUala 
doming  the  overlying  ro«-.ks.  From  every  direc¬ 
tion  the  higher  surrounding  strata  tend  to  eun,-c 

iniward.  Tho  rocks  at  the  haso  of  Uio  moun¬ 
tains,  however,  in  many  places  show  little 
disLui'biinco  till  veO'  close  to  the  igneous  core 
and  ill  some  localities  they  do  not  curvo  up 
ut  all  but  are  crosscut  hy  the  igneous  intrusion. 
Kor  tho  most  part  the  intru-sion  appoam  U> 
doirio  tho  Cretaceous  shales  and  to  crosscut 
the  Jurassic,  and  Trlassic  sandstones. 

FOLDS. 

Fold'uig  is  conspicuous  and  important.  A 
scricaof  broad  open  major  folds  extends  for  40 
milos  northwest  and  southeast,  with  tho  La  Sal 
Mouiituins  near  the  center.  At  some  points 
thoso  folds  rc.t>cmhlo  domes '  rather  than  true 
folds  and  some  of  them  may  owe  their  origin  to 
imdcvly’ing  intrusive  bodies.  A  mass  of  por¬ 
phyry’’  near  the  axis  of  the  anticliuo  several 
milos  from  the  central  core  of  tho  mountains 
suggests  such  an  origin  for  Castle  N'aUc^n  Anti- 
oliiiul  valleys  have  commonly  developed  along 
tho  crests  of  llio  onliclines.  Con.spie.uous 
among  them  aro  Castle  Valley  aud  its  exten¬ 
sion,  Salt  Wash,  northwest  of  tho  luouiauius, 
and  SLiibad,  rarudox,  Gypsum.,  and  Big 
Indian  vnJloj's  southeast  of  the  uiountauis. 

FAULTS  AKD  FISSUHES. 

Faulting  has  hocn  far  loss  important  in  the 
region  than  folding,  though  numerous  faults 
(U'o  piv-scnt  and  some  are  of  large  extent.  The 
faults  iu‘o  less  conspicuous  than  the  folds  and 
aro  nob  cU'avly  undci-stood.  Cross  ’  lius  noted 
a  zone  of  faulting  traversing  Spanish  Valley, 
and  Foalo  has  described  an  important  fault 
parallel  to  Siuhsul,*  Gypsum,  and  Paradox 
valleys.^ 

»  A. C.,  0.  8.  Cool,  and  fleog.  Survoy  Tt'ir.  Nio(h  Ann  RojA., 

for  l«i,  l>».  I,  p,  6.1,  Wn. 

*  Croa,  Whiliiukn,  SlrallgnphlP  [<«uU u( a  R»nr.>L>uac*  lu  wttvm 
Cok>radii  nod  lutl^rn  Utah:  Jonr.  Oratogy,  tkL  1.1,  pp.  OIl-dTf,  igCfi. 

•  I>ak<,  A.  C.,  op.  cll.,  p.  6J. 

» II,  S.  Ceol.  aud  Gcog,  Survoy  Torr.  Toalli  .\nn.  liopt,,  IsTC,  p!.  I, 
pi.  «,  UTS. 


Boutwell  ^  has  described  a  zone  of  deforma¬ 
tion  tremling  nortbeust  across  Hic-liard.^on 
.Vniphithoater.  Minor  faults  have  been  noted 
in  the  region  of  Castle  Valley  by  Hill,-*  and 
detailed  work  will  doubtless  du^close  many 
more  faults  in  tho  region. 

Fissures,  or  breaks  in  the  rocks  along  wliieh 
Lhero  has  been  hut  little  movement,  are  nu¬ 
merous  and  are  a-ssocialcd  with  the  010  deposits 
in  the  intrusive  rocks  and  with  some  of  tho.se 
in  the  sedimentary'  rocks. 

MTIHNG  HISTORY. 

Tiie  early  history  of  the  district  is  given  hy 
Hill  ’  as  follows: 

The  carlie.-»t  tittcoveric.-i  of  lainerala  in  tliis  area  were 
mafle  about  I.SS8,  the  first  location  being  maile  ill  iSSS  on 
the  ridge  between  H.-vebetor  an<l  Atiners  badns.on  wbatlc 
now  tho  High  Ore  claim.  PrACtically  no  mining  wta  done 
in  lh<s<o  mountain.-*  until  1S96,  when  a  jwrfy  of  prospcctom 
did  wiine  woi-k  lliat  resulted  in  tlm  d  isrovery  of  tho  Tornado 
deposit  i'll  1897.  *  ’  Shortly  liflor  tlie  discovery  of 
the  Toniado,  a  «h»11  aUunp  milt  was  installed  in  .Mincra 
Bnnin.  *  *  •  After  about  100  tons  of  ore  had  been  run 

through  the  mill  it  was  clooixl  and  has  not  been  oper.ited 
dinc-e. 

In  1907  it  was  (i.-st  noted  that  the  gravelH  on  Wilson 
Aleftt  (-arried  gold.  I-'or  two  yearo  these  gmvela  were 
wnaheil  by  crude  nielhoda,  luid  in  lOlO  a  little  excitement 
woH  creaif*d  in  Salt  Lake  and  Grand  Junction  over  vhe 
richness  of  tlic  deprusita. 

There  hsw  been  practically  no  production  from  the 
quartz  ihIdc*.  and  it  U  probable  that  |0.000  would  cover 
the  entire  wilput  frtHn  both  quartz  nnd  placer  mining  in 
the  region. 

Tho  prevailing  high  price  of  copper  previous 
to  the  marked  decline  m  1VJ07  greatly  stimu¬ 
lated  prospecting  and  development  in  tlie 
sedirneiitai'y  formations  around  tho  La  Sal 
Mountains,  notably  in  the  Big  Indian  \  alley' 
south  of  the  rango  and  to  a  less  extent  in 
Lisbon  Valley  southeast  of  the  range,  in 
Salt  Wash  northwest  of  the  range,  and  else¬ 
where.  The  dejclhio  in  1907  retarded  develop¬ 
ment,  however,  and  though  a  few  tons  of  olc 
wero  shipped  from  tho  different  copper  pros¬ 
pects  there  was  no  important  production,  and 
littlo  development  work  was  done  at  most  ot 
tho  properties  for  several  yearn.  In  1017  a 
mill  was  completed  for  treating  the  ores  of  the 
Big  Indian  mine. 


‘  C.  S.  Gcul.  Sum-y  Bull.  260,  p.  203, 1'JK. 

•  Hill,  J  M. ,  Nolo*  00  Ibo  nortbf rn  La  Sal  MounUilM,  Cmnd  Coiiul} . 
Plah;  U.  S.  Ocol.  feirvoy  DiUL  MO,  p.  IDS,  1BI3. 

>  Idem.,  p.  10>. 
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VivnaJiuni  ami  urunium  minerals  w(>vc  dis¬ 
covered  about  1898  near  Hichnrdson  '  by  a 
man  ntvnieU  Walsh  and  were  developed  to 
some  extent  .soon  after.  The  fu'st  .shipment 
vus  made  in  1904,  when  more  than  half  a  car¬ 
load  was  sent  to  Buffalo,  K.  If.,  for  e.xperi- 
mental  piirpo.stis.  Since  189.8  numerous  de¬ 
posits  have  been  discovered  around  the.  La 
Sal  Mountains  in  Utah  and  considerable  ore 
has  bi*ea  shipped. 

ORE  DEPOSITS. 

PLACER  I)EPO.siT.S. 

The  placer  deposits  of  Wilson  Me>‘a  have 
been  described  by  Hill®  a.s  follows: 

Tlie  flat  mcsiis  south  of  Castle  Valley  are  covered  by  a 
coiling  of  jfoW -bearing  gravel.  This  deposit  is  usually 
wry  thin,  being  Indicated  by  sruttenxl  boulder#  and 
pebbles  or  by  small  flattened  uiouuda  of  lilcu  materid 
hors  and  thera  on  tha  eaudstone  bedroeV.  In  a  few 
pkrei  it  aUaiiia  greater  thicknesses.  Soma  of  the  htn’er 
deimiti  stand  as  low  rounded  knobs,  but  iiiost  of  them 
seem  to  occupy  reentrants  In  cliffs.  The  latter  was 
apparently  the  porition  at  the  Point  Lookout  placer..  A 
combination  of  the  two  forms  i.s  seen  at  the  Block  Cap 
Torkings.  A  third  nnd  much  rarer  occurrenco  is  along 
wbat  appears  to  bo  an  old  chaunol  which  runs  nortliwosl- 
ward  from  the  Black  Cap. 

Tho  gravels  are  tlio  siiiuo  throughout,  consisting  of 
lubongulor  cobbles  of  igneous  material  siniilnr  to  that 
teen  in  tho  La  Sal  .Mountains  to  tho  east,  with  a  relatively 
•mall  proportion  of  sa)idstoiie  fragments.  They  range 
inauefmmouo-fourthofan  ir.ehto2i  feet,  withau  average 
o*e  of  about  tO  to  12  inches.  Fragments  of  monzonitc 
porphyry  cut  by  quartz  stringers  are  fairly  abuniUmt  I 
and  magnetite  cobbles  up  to  4  or  5  inches  in  diameter  I 
Me  not  at  all  rare.  There  seems  to  be  a  slight  decrease 
In  size  of  tho  boulders  nt  the  western  edge  of  the  dci>oaif8.  I 
but  it  is  not  every-whore  Ibo  Runo  and  is  rather  doubtful. 
Thero  is  practically  :io  stratilication  of  these  gravels 
except  along  the  jircsent  drainage  lines  in  reworked 
■oaterial. 

The  gold.  s;iid  to  be  worih  from  $19  to  $20  an  ounce, 
®®cure  in  small  wires  or  flakes,  nnd  none  of  that  soon 
appeared  to  ho  much  water  worn.  It  is  distribute*! 
throughout  the  thickness  of  the  depcwils.  which  nro  said 
to  bo  of  about  tho  same  gnule  from  the  surface  to  bedrock, 
t^dcs  the  gold  that  can  be  recovered  by  wasliing,  it  Las 
found  that  the  “ribbon  rock”  (the  monzonito  por- 
^yry  Cut  by  quartz  strirgera)  contains  a  fairly  large  por- 
“30  of  the  gold  value  of  the  gravels.  Seme  of  the  miners 
that  for  every  ounce  M\'e<l  by  sluicing  10  ounces 
in' the  ribljon  rock  which  goes  over  tho  dump. 

There  is  no  natural  water  supply  on  Wilson  llcsa.  A 

tch  originally  built  for  irrigatioD  is  aiid  to  supply  about 

Cubic  feet  a  second  from  the  beginning  of  the  thaw  in 
■  prS  to  tho  last  of  .luly,  when  the  gre.ater  part  of  the  snow 

'  Doutn-ell,  J.  (j.  g.  q^oI.  Sun-o.v  Dnll.  ZCO,  p.  207, 1'.Ot. 


has  diMpppared  from  the  mounfaiiw.  Prom  then  until 
t>ctober  the  supply  is  about  S  cubic  uel  a  second,  and  itis 
fnrllu  r  diminished  durbg  the  witiu-r.  The  water  is  all 
tak(ai  from  .^f^ll  Crook,  and  cousiderahlo  trouble  lias  bocn 
expcri*'uced  in  ol>l.aining  cnougli  for  sluicing,  as  tha  town 
of  .Moab  alflo  takes  its  mipiily  from  this  source  and  has  a 
prior  right  to  the  water. 

The  origiji  of  tlie  gravels  haa  nob  been  defi- 
nitely  proved.  They  are  similar  in  cltaracter 
to  gravels  around  t!io  Uinta  Mountains  that 
Powell  juid  later  tniters  have  attributed  to 
stream  action  when  tlio  mountauis  were  higher 
and  tile  precipitation  gi-eater.  On  tho  other 
hand,  Atwood  has  described  somewliat  similar 
gravels  m  the  San  -funn  Mountain-^,  Colo,,  which 
ho  attrihutes  to  an  early  porioil  of  glaeiation. 
Ilill  sfiitt's  that  llic  gi-avel  is  composed  largidy 
of  igneous  rocks  similar  to  that  in  tho  range  and 
there  seems  no  doubt  that  it  wn.s  (hu-ived  from 
the  highi'r  parts  of  the  range. 

Gold-nearing  gravels  in  Miners  Basin  are 
dcscrilied  by  Hill-*  ns  follows : 

Tin;  luwu  of  Ba^in  is  located  on  a  flul  just  al)i)\’e  a  very 
small,  ii}du<linct  lermin.al  moraine  of  fhc  last  gliicml  cpucli. 
Thi*  moraico  is  composed  pnliroly  of  angiilar  igiicous 
niaiorial,  iKine  of  m'faich  has  (raveled  over  a  inilo  and  miirb 
of  it  a  very  inc<in#ider:ble  dislanre.  Th<>  nmraiiia  lies  on 
tho  top  of  a  debris-filled  V-shepod  valley.  Both  the  gla¬ 
cial  material  and  the  debris  contain  a  little  fine  free  gold. 
The  amount  of  material  is,  however,  very'  small  tnd  hard 
to  luiiidln  on  account  of  i,he  largo  angular  lulus  blocks 
imliidi-d  in  it. 

COLD-OOPFEIt  VEINS  IN  INTRUSIVE  ROCKS. 

'I'lio  following  ilescription  of  the  veins  in  tho 
monzonitc  porph3Ty  is  also  from  Hill:* 

There  lia#  been  very  Jittk  work  diMw  on  tho  mineral 
depoaita  of  the  La  Sal  M-juntaina.  The  gre(ite»r  doptli 
rear'hed  la  pcrlrapn  ISO  feet  below  the  airface,  and  05  per 
cent  of  the  shafts  and  tunnela  are  not.  more  than  CO  foot 
below  the  grass  roots.  The  general  procediire  soems  to 
have  been  to  locale  a  miiK-ralizod  zone  on  the  bill  slojro 
and  then  go  into  the  v.allcj'  bottom  and  slarta  Ion,;  cniaaciit 
U>  roacli  it  in  depth.  As  yet  few  of  these  rro.sccuts  have 
rca*  bed  tbe  desirerl  goal. 

The  general  direction  of  the  lodes  sociok  to  ho  northwest 
and  Eoutheiust  to  east  and  west,  with  ono  or  two  east- 
nortlieaat  fractures.  The  northwest-southeast  trend  *x)rro- 
sponds  ill  a  general  way  to  (he  longer  axw  of  Ibo  iiilri!.rive 
mass. 

There  tire  two  ralhor  distinct  types  of  tleposils— one 
clmracterizcd  by  ghussy  qiiartv.  with  copper,  silver,  and 
gold,  and  the  other  with  .apparently  the  same  kind  of 
quartz,  but  coulaining  largely  gold  in  a  pytitic  canier. 
The  deposits  of  the  former  tyqie  are  lunmlly  siinple.  nda- 
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lively  iiumiv  qtiurtz  vciiM  that  have  ailt-ylod  the  wall* 
li»  a  mui'li  U'*  llian  the  semnd  tj’lHJ.  The  gt)ld- 

pyri(0  dc]XMiiu  appear  lo  be  Htwlcworlot  or  zones  of  mlxiulc 
iimnching,  iiiierbu'ing  qiiarlt-filled  fiseiiires.  In  the 
<lt;ipit.'uia  of  this  type  the  wall  rt'f'k  is  altered  and  iinprt'g- 
iiatoi  with  pyrito,  forming  niaswa  of  loa'-grado  ore  Be 
niiv.'h  08  20  foc't  su'rosQi.  TIm-ho  two  ty  [MM,  though  more  or 
lc«s  (listiucl,  merge  into  rnw'h  other  and  in  plaree  the  g^dd- 
pyrile  dejjtisiu  ehow  copper  tninerejs.  Voine  chamt  tor- 
ized  by  Cttrhtinaio  gaiigiie  were  seen  in  (wo  places  and 
cairy  l^Jth  pyrito  and  r  hah  opyrile. 

Tho  orea  Kt  f;ir  rlovolopc*!  aw  largely  oxidized,  hut  wm- 
iiaiiUi  of  flinifopyrito  and  pyrile  are  found  eurrounded  and 
cut  by  inoietca  of  limoiilte,  malurhite,  and  clirjowciilla. 
Thesu  tlir(<e  oxides  are  more  or  lew  mixed,  the  iron  b«>iiig 
much  inoro  abtindatil  than  il'.a  copper  minerals,  forming 
a  biw-grulo  eopiHT-piu  h  ore.  A'ery  niioor  aanounts  of 
Itoriule  and  rl.ali-milo  occur  in  Beaver  Jia.'iiii,  hot  wore 
not  noted  clK-wherc.  Aztiriio  is  mlhcr  uncommon, 
Gloitiy,  cxirsely  crystalline  quartz  is  by  f;u-  the  most 
ubiimiant  gaiigiio  mineral.  It  Is  tisiially  rather  siuoky 
but  Duty  \>o  clear,  t^uiciio  and  ndurilo  arc  seen  in  »'me 
veiiiH,  and  ossuciated  with  them  in  one  plur'o  in  a  very 
luiuor  amount  of  fluorite,  itariio  with  litnouite  was  noted 
in  ODO  duiswt.  in  niiidsliino  iii'or  tlio  monzooito  porphyry 
Tho  ass-icial ton  of  gla.'wy  rpiaj'lz  with  much  copisir-bcMrin;^ 
limonitu  in  sioa'il  stringers  is  coromonly  seen  in  the 
brownish  tluut  ol  the  ^loullluio^. 

'I'ho  lutlisi  aro  later  than  all  tho  (xirphyries  except  p(;s- 
sibly*  tho  Very  siliceous  quartz  uioiizonite  muss  hall  a  mile 
w(.>st  of  ll!usiu.  It  K'.'ius  iJicwililo  that  t'aoy  may  bo  (iic 
liual  jo'iiilui'l  of  iho  ialni..‘ii)ii. 

COPPER  DEPO.srrs  IV  SEDI-ME.VTARY  HOCKS. 

DISTHIDUTIOK. 

At  Svivcriil  lixulitios  nrouiitl  the  La  Snl 
Moiintiiins  copper  mtil  topper-silver  ore  bus 
heon  fmjDtl  in  siifneieut  uhundunuo  to  oncotir- 
ugo  prosper titig;  and  tlie  Cnsiion  mine,  Mon- 
troso  County,  (.'olo.,  liu.s  produced  important 
amoinits  of  copper  and  silver.  Pro.spectiug 
has  heen  carried  on  in  Big  Indian  Valley  south 
of  tho  range,  Lishon  Valley  southeast  of  the 
range,  Salt  Wash  Valley  northwest  of  the 
raugc,  about  !)  miles  east  of  Dewey,  and  to  a 
slight  o.vtent  at  numerous  other  localities. 
At  the  time  of  tho  writer’s  visit,  iu  1913,  all  tho 
copper  proiHU'ties  were  idle  and  tho  following 
notes  are  tho  ri'sult  of  such  oxaminatiou  as 
could  bo  niiido  under  tlic  c.visting  conditions. 

DIG  UfDIAX  VZT  T.gy, 

'Flic  deposits  ill  Big  Iiuliun  Valley  aro  4  to  5 
miles  south  ol  La  Sal  post  odiec  and  aro  reached 
from  TliouipsoiLs,  the  noaro.st  railroad  point,  by 
way  of  Monb,  a  distance  of  7.3  miles  by  road. 
Tho  ores  occur  in  graj'  mcdiiun-gi-aincd  sand¬ 
stones  with  lenses  of  rather  fine  conglomerate. 
Tho  beds  are  believed  to  he  at  nhoiit  the  middle 


of  the  Triassio  (at  or  near  the  horizon  of  tlie 
Shinarump  conglomerate),  honeath  the  promi¬ 
nent  cliff-making  (Vennilion  Cliff)  sandstone. 
The  thickness  of  the  Iicds  in  w’lich  mineraliza¬ 
tion  has  been  shown  is  iirohably  200  to  300  feet, 
though  it  is  only  at  certain  horizons  through 
this  thiclmess  that  tho  rocks  have  been  miner- 
nlizeil  to  an  important  extent. 

In  the  mineralized  zone  there  has  been  con¬ 
siderable  fisstiring  of  the  sandstone.  The 
most  prominent  fis-sures  strike  about  N.  50®- 
70®  W.  magnetic;  others  strike  in  other  direc¬ 
tions,  notably  nearly  north.  Some  move¬ 
ment  along  tho  fissures  is  indicated  l>y  slicken- 
siding,  hut  no  important  displacx^ment  was 
noted.  Along  most  of  tho  fissui’es  there  has 
been  mineralization,  which  on  the  surface 
appears  as  carbonate  of  copper  a!id  liydroiis 
oxides  of  iron  witli  .some  mangnnoso  oxide. 

In  the  vicinity  of  the  fissured  area  the  more 
permeable  sandstones,  particularly  the  ciin- 
glnmerato  lenses,  have  been  impregnated  by 
copper  minerals,  which  were  deposited  between 
the  pebbles.  In  many  places  a  ver^'  close  con¬ 
nection  between  tlic  impregnated  sandstone 
and  thefi-ssures  is  notajiparent;  hut  ns  tlie  min¬ 
eralized  rock  is  confined  to  tho  fissured  zone  it 
scero-s  reasonable  to  .suppose  that  the  solutions 
migintod  from  the  fissures. 

Mineralization  has  taken  plaeo  along  the 
general  strike  of  the  Assuring  for  1.V  to  2  miles. 
.'Vpproximately  a' mile  northwest  of  the  Big 
Indian  mine  a  shaft  has  been  sunk  to  a  depth 
of  perhaps  100  feet;  some  good  ore  was  on  the 
dump,  and  shallow  openings  along  the  ledge 
show  copper  cuihonntes.  Mineralized  rock 
can  bo  fonnd  foi'  at  least  half  a  mile  south¬ 
east  of  the  Big  Indian  mine,  but  not  in  sufii- 
eienb  quantify  to  have  encouraged  exton.sivo 
prospecting. 

At  tho  surface  and  hi  tho  shallow  workings 
tho  copper  .minerals  arc  those  that  have  re¬ 
sulted  from  oxidation  proecs.ses,  mainly  azuritii 
and  malachite  and  some  cuprite.  Tliey  arc 
disserainalcd  through  the  .sandstone  or  occur 
(the  roirlxuiaU'S  particularly)  ns  hotiyoidal 
musses  lining  ri>ttiurc!S  or  cavities.  On  t'.ie  dump 
specimens  containing  sulphidra  were  found, 
indicating  that  the  oxidized  oi’cs  were  probably 
di'rivcd  from  siilpliides. 

Specimens  of  tho  impregnnted  sandstone  sul¬ 
phide  ore  are -seen  under  thcmicrosconc  to  corusist 
of  sand  gra  tils  ivmcn  ted  by  sulphide.  ManysiiTuI 
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U/;»i  :in*a,s,  tnniru  firdiw,  dark  inauix.coriparyulpliiiliw  (rhaliXHiiir 
nnri  clialoopyrilc). 


pjii>ioMiGRo<;iiAPit  OK  s.vMJS'PONK  coppioix  oiu;, 
SHOWING  coppRR  sdLPlirnp:  M.vrnix. 

Black  nrvair.  qiinrtx  Griiy  nioiijiid  nrisw,  cnppar  Mdpliiilp;  liplii 

aruxr,  c’linkupyripj;  dark  MnMu,  chiilrorilr. 


<^o\ci:m'uic  Hands  ok  hyiutl:  and  co\ki.litk. 

f'  .  .  ..  r»  t  I  1  nriitfuL  noilule^otpyriU*;  dark  IkorderH,  oovHlito;  i>yHl<.*af  OKTi 

Oi'vju.iI  urvn.  larj^dy  pyriu*.  wilh  vcinsi  uf  covdliU;.  arcn  purify  nrplaccU  l>y  covcllihf.  Eofurgud  23  cuii/u»ilcr»- 
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grains  lire  completely  surroumlod  l)y  tlio  sul¬ 
phide  (ace  P1.L,-^1)  and  are  separated  from  other 
grains  by  one-fourth  to  one-third  of  their 
diajaeter.  Oceasionallj'  the  sulpiikle  is  in  a 
fissure  in  the  ^aui.  As  the  •grains  in  the  nor¬ 
mal  sandstone  are  commouly  in  contact,  it 
seems  that  some  of  those  m  the  ore  must  have 
been  partly  replaced  by  tiio  sulphide.  The 
sulphide  is  ill  large  part  chalcocite,  in  which 
are  remnants  of  a  yellow  sulpliide  (sec  PI.  L,  B), 
apporeiitly  chalcopyrite.  The  chaleocito  has 
formed  largely,  if  not  entirely,  as  a  replacemont 
of  this  sulphide. 

Noduhir  nias.se.s  of  sulphide  resembling  con¬ 
cretions,  found  on  the  dump,  consist  of  quartz 
groins  with  much  more  sulphide  cementhig 
muterial  than  the  ordinary  sandstone  ore. 
The  cement  is  a  ycUow  sulphide,  probably 
p}Titc,  and  a  mottled  blue  and  blue-giaiy 
material,  which  may  bo  a  mixtm-c  of  covellite 
and  chalcocite.  From  a  sLxteenth  to  an  eighth 
of  an  inch  from  the  surface  of  tlic  noihdcs  the 
yellow  sulphide  is  absent,  while  within  this 
outer  zone  it  may  form  a  largo  percentage  of  the 
material  (see  Pi.  L,  D).  One  small  nodule  was 
e.'camined  which  .showed  concentric  zone.s  of 
tiio  yellow  and  blue  sulphides  (see  PI.  L,  C). 
The  uutui'al  explanation  of  the  oecuiTenee  of 
the  sulphides  seems  to  bo  that  fust  t  lie  yellow  ; 
iroji  sulphide  was  deposited  and  that  later  it  | 
was  in  part  replaced  hy  the  copper  sulphides 
which  ui  turn  were  for  the  most  part  altered  to 
carbonates. 

The  most  extensive  development  Ls  at  the 
Big  Luliaii  mine,  which  has  been  prospected 
by  several  tunnels  and  an  inclined  shaft.  Only 
pert  of  the  undergromid  works  could  be  exam¬ 
ined,  Some  good  ore  has  been  found,  but  the 
richer  gnule  is  in  small  bodies  ami  would  be 
difficult  to  mine  without  mixbig  with  poor  ore 
or  Waste.  The  great  bulk  of  tlie  mineralized 
Kick  curries  a  rather  low  pcivontage  of  copper, 
*nd  much  of  the  low-gi’ado  ore  occura  m  tliin 
lenses  and  is  difficult  to  extract  without  hreak- 
•ng  barren  rock. 

USBOH  VAT.T.'F.V. 

The  deposits  in  Lisbon  Valley  are  ncai*  the 
Colorado-Utah  line,  12  to  14  miles  southeast  of 
La  Sal  post  office.  The  ores  occur  in  siind- 
istones  with  interbedded  shales  uiul  at  least  one 
L*d  of  carbonaceous  shale  containing  much 
•^ttly  material.  The  exact  stratigraphic  hori¬ 
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zon  was  not  determined,  hut  it  is  believed  to  be 
near  tho  base  of  (he  Triassic. 

In  the  vicinity  of  tiic  Lisbon  niuie  the  beds 
strilve  about  N.  70°  W. (magnetic)  and  dip  about 
40°  SW.  The  ore  is  disseminated  in  saudstonc. 
Surface  trenching  has  revealed  several  mineral¬ 
ized  horizons,  but  the  main  development  con¬ 
sists  of  an  inclined  shaft  which  follows  a  sand¬ 
stone  st  rat  u  in  <;onfaining  plant  remains,  which 
is  underlain  by  carbonaceous  .shale  containing 
seiuns  of  coaly  material. 

The  ore,  so  far  as  observed.  Is  all  o.xidized 
and  occuis  as  a  cement  of  the  sandstone  ami, 
to  some  extent,  in  the  carbonaceous  material 
in  the  sandstone.  It  also  oeeurs  us  hotryoidul 
masses  lining  ojicumgs  ia  the  rocks.  The 
coaly  material  luulcrlyuig  tlie  sandstone  is  saiil 
to  can-y  a  low  jierccntagc  of  copper.  Material 
of  this  character  was  collected  aJid  when  ex- 
luniiied  several  weeks  latec  was  seen  to  contain 
a  light-green  material  that  had  formed  a.s  nu 
effioresecnce  on  tho  suiLiccs  and  along  frac- 
tiucs.  'Wlicn  treated  witli  water  a  solution  con¬ 
taining  copper  an<l  iron  sulphate  is  obtained. 
Prob.'ibly  most  of  the  copper  Ls  present  us  sul- 
jihate  and  has  possibly  leached  downward  from 
the  sandstones  ahoi'c. 

The  eoarso  strata  have  apparently  beep 
most  favorable  to  the  deposition  of  tho  me¬ 
tallic  minerals.  No  important  fi.ssurcs  con¬ 
nected  with  the  deposits  were  noted,  but  care¬ 
ful  study  would  pos-sibly  reveal  such. 

In  the  inclined  shaft,  which  has  been  suiek  to 
a  depth  of  perhaps  100  feet,  some  ore  of  good 
grado  has  been  taken  out;  and  ui  trenching 
across  the  formation  and  by  other  shallow 
workings  several  other  mineralized  strata  have 
been  found.  At  the  time  of  visit  only  a  small 
tonnage  of  ore  hud  been  extracted  or  developed. 

SALT  WASH. 

Salt  Wash  Valley  is  cut  in  the  crc.st  of  a 
broad  anticline  extending  from  near  I'bornp- 
sons  southeast  to  Grand  River  and  the  La  Sal 
Mountains.  Its  floor  slopes  northwest  and 
southeast  from  a  divide  about  halfway  between 
Thompsons  luid  Grand  River.  Tho  formations 
along  it  were  not  carefully  traced  into  ni-eas 
where  they  are  known,  but  it  is  thought  that 
the  cojiper -bearing  beds  are  in  the  MeElmo 
formation.  Tho  sediments  near  tho.  copper 
deposits  at  tho  north  end  of  the  belt  arc  mainly 
gi-ay  sand.st one  wit  h  some  shale  ruul  ealrarcous 
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heels.  The  southern  emi  of  the  belt  was  not 
visiter]  but  is  reported  to  bo  at  essentially  the 
samestratigraphic  horizon.  Toward  the  north, 
where  the  prospects  wore  visited,  there  has  been 
con.siderable  fissuring  parallel  with  the  anticline 
and  in  some  places  there  has  been  movement 
along  the  fi.“suros,  though  the  displacement  has 
probably  not  been  great. 

The  copper  deposits  occur  on  Imth  sides  of 
the  valley,  from  about  10  miles  southeast  of 
Thompsons  nearly  to  Grand  River,  m  the  por¬ 
tions  of  the  ant  icline,  nearest  the  crest.  No  de¬ 
posits  havobeen  reported  from  the  flanks  of  the 
anticline,  llio  oro  deposits  are  in  the  vicinity 
of  Iksure  zones,  but  the  ores  do  not  generally 
oreur  in  the  fis.sures,  usually  impregnating 
the  samlstone.  Neai’  ibo  old  Indian  trail  a 
small  stringer  of  ore  aiipiu-ently  occure  in  a 
fissure.  A  common  oceurrenco  of  the  coppei’ 
muierals  is  ns  small  spherical  concretions  in 
the  sandstone,  iLsually  not  more  than  onc-hnll" 
inch  in  dianictev,  but  m  places  thickly  scattered 
through  certain  beds.  At  the  surl’aco  these 
spiicres  weather  out  and  collect  in  depressions, 
where  a  ani?ill  amount  of  rather  high  grade  ore 
can  bo  scooped  up.  ^'h0  prevailing  minerals 
are  the  cjirhonates,  nzmite,  and  malachite,  the 
blue  carbonate  usually  predominating.  Micro¬ 
scopic  e.xarninntion  of  tlie  spherulea  revealed 
tbo  presence  of  a  little  gray  and  yellow  sul- 
pliido — probably  chalcocito  and  pjoite.  Iron 
and  mangiineso  o.vides  are  rather  abundantly 
nssocialcd  with  the  copper  minerals,  and  some 
spheres  of  iron  and  rmuigunese  o.xides  similar  to 
those  of  copper  corbonato  and  some  concre¬ 
tions  of  calc'ito  were  noted. 

Some  of  the  copper  ores,  notably  those  from 
tho  fissui'c  near  the  old  Indian  tmil,  are  said  to 
contain  considerable  silver.  This  ore  contains 
barito  as  a  gangno  mineral,  and  the  presence  of 
ralhe-i*  nbimdwit  remnants  of  chalcopmto  hi- 
dicates  that  that  mineral  was  the  most  impor¬ 
tant  origiiitd  copper  sulpliide.  A  greenish- 
yellow  euriliy  ininend,  observed  at  several 
localities  near  tho  north  end  of  the  belt,  and 
associated  in  small  amounts  with  the  copper 
and  iron  minerals,  was  found  not  to  contain 
vanadium  nor  uranium,  though  in  general  ap¬ 
pearance  it  resciTibles  low-grade  caniotite 
sajui-stonc.  oi'e. 

RomiinuU  of  sulpliides  in  the  i-aibouato  oro 
iudieato  that  tho  copper  and  icon  wero  proba¬ 


bly  origimidy  deposited  Jis  sulphides  and  were 
later  oxidized. 

Little  ore  has  been  shipped.  When  copper 
is  high,  it  would  probably  be  profitable  to 
gather  the  surface  ores,  but  it  is  doubtful  if 
systematic  exploitation  of  the  deposits  would 
meet  mth  much  success. 

Hill  ‘  describes  a  deposit  oast  of  DeWey  ro? 
follows; 

About  9  raik'S)  east  of  Dewey,  the  h.’Jfway  alu-Uoii  on 
the  Clfco-rastletofi  road  at  Grand  Rivor,  a  copper-silver 
mine  entirely  in  sandstone,  with  no  igoeoiia  icck  in  the 
vicinity,  ia  said  to  be  producing  »nnc  ore.  The  properly 
was  not  visited,  but  the  writer  had  an  opportuuity  to  see 
s.imo  of  the  ore.  Itconsiated  of  clmlcocim  dojxjsited  in 
snwl!  seams  cutting  white  sandstone  and  also  disserni- 
nated  in  the  adjacent  walls.  Along  tho  borders  of  these 
seams  a  thin  zone  of  malachite  is  usually  present,  and  this 
mineral,  together  vrith  azurite,  stains  the  sandstone,  near 
the  lissiuo.  Tho  mine  is  now  being  worked  for  its  silver, 
which  occurs  in  native  form  and  its  silver  chloride.  The 
development  ia  rather  shallow.  Tho  vein  is  said  to  strike 
a  few  degreea  north  of  west  and  to  be  traceable  for  more 
than  a  mile. 

Emitions  *  has  described  an  apparently  similar  deposit 
on  the  east  side  of  the  la  f^al  Mountaina  in  Montroao 
County,  Colo. 

UH.\NlU.\r-VAN.\DlirM  DEPOSITS. 

Deposits  «)f  uranium  and  vanadium  occur 
near  Richardson,  north  of  the  La  Sal  Moun¬ 
tains,  and  27  miles  from  Cisco,  the  nearest 
railroad  point  on  the  Denver  &  Rio  Grande 
Railroad.  Some  oro  has  been  shipped,  but 
the  deposits  have  not  been  actively  worked  for 
several  years. 

Tho  ores  occur  iu  a  breccia  zouo  associated 
with  a  strong  northeast  fracture  in  sandstones 
of  probable  Ti'iassio  age.^  The  ore  minerals 
are  of  various  compounds  of  vanadium,  ura- 
uiuiu,  cDppcr,  and  arserac. 

Uranium-vaiiadiura  deposits  have  been  dis¬ 
covered  in  the  McElmo  sajtdstonos  at  numerous 
localities  around  the  La  Sal  Mountains  both  in 
Utah  and  in  Colorado,  Tho  most  extensively 
developed  deposits  in  Utah  are  on  Pack  Creek 
southeast  of  Moab,  in  Dry  Canyon  and  Big 
fiidian  Canyon  south  of  tho.  La  Sal  Moiuitains, 
and  at  several  localities  between  these  areas. 
Deposits  are  reported  from  Lkbon  Valley, 

•  Ein,!,  M,,  KoVsiod  Uia  uarOieni  UiSal  Mounlaln.i,  Gnoid  Counly, 
tJtali;  U.  S.  Gcol.  Survey  imil.  m,  p.  118, 1011. 

*  Emmons,  W.  H.,  Tlia  Ca-ililu  ."nliuj,  Mmlroso  Counly,  rc!o.:  IC  »■ 
Ceol.  Burroy  Dull.  K5,  ijp.  la:i-l:si,  nor,. 

•Poutwttll,  J,  M.,  V'siviflluiii  ftjid  uroiiiiuii  In  Kiuaivo-^U'rn  UVilc 
U.  8.  n«oL  Survey  Dull. »a,  p. 33, 1005. 
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southeast  of  (ho  nicnmt.aiiis.  Thoro  lias  hecii 
consuli'i’uhio  (Icvelopnicut  al,  (lalcway  oast  of 
the  mountains,  1 Q  niUo-s  sout  hoasL  of  Thomp.son, 
northwest  of  Donio  Plateau,  and  near  Court¬ 
house  northwest  of  Moab. 

All  deposits  in  the  McEbno  formation 
around  the  La  Sal  >fountaiu.s  show  a  striking 
resemblance,  though  there  is  some  variation 
in  niinernl  composition.  CliaracterLsticnlly 
they  occur  as  small  bodies  in  sandstones  closely 
associated  with  fo.ssil  plant  remains.  The 
metals  in  these  deposits  inclnde  vanadium, 
unmium,  chromium,  copper,  and  soloniiim  hi 
various  mineral  combinations.  For  a  discus¬ 
sion  of  the  genesis  of  the  uranium-vanaiiium 
deposits  see  page 

.MA.\G.VXE.SE  PETOSITS. 

Deposits  of  manganese,  in  the  form  of  pyro- 
lusite,  occur  in  the  sandstone  at  several  locali- 
tica.  From  1(K)1  to  1906  tho  (Colorado  Fuel  & 
Iron  Co.  mined  and  shipped  tliis  material,  hut 
under  ordmary  conditions  it  was  not  profitable. 
During  1916,  1917,  and  1918  the  high  prices 
caused  h}'  tho  war  made  mining  of  tlieso  de¬ 
posits  profitable.  J.  T.  Pardee '  describes  the 
deposits  of  the  Little  Grande  district  as  follows: 

Tho  mea^aneac  oro  occurs  as  irrcsjuhir  lenses  or 
"blankefa"  that  lie  a  few  feet  below  liie  surfai-c  alon; 
tho  bedilin:;  planes  ot  u  gypsiierou.^,  calcareous  red  sand¬ 
stone  near  tho  middle  of  the  McElmo  formation  (.TaraiJ- 
nc?);aa  veins  and  nodular  concrolion.s  along  joints  hebw 
the  blanlcKls;  and  a-s  fragments  in  the  soil,  residual  from 
the  westhehng  of  ere  ot  the  two  forma  first  mentioned. 
In  tho  area  examined  the  rocks  dip  but  a  few  degrees  from 
the  hcriroiitnl  and  the  sui-face  trace  of  the  iminganiferoua 
Knitiim  is  therefore  a  very  Btiinous  line,  winding  ar.'Hind 
•Maw,  cliffs,  nod  cunyona.  From  a  point  near  Cireen 
River  the  outcrop  of  the  nianganiferous  bods  runs  In 
general  southeastward  about  2.5  mih*  xnd  thence  np- 
pwntly  swings  northeastward  around  the  I.a  Sal  Moun- 
***08,  A  mangtiiiifcrcus  bed  is  retorted  to  nroj)  out 
(klmany  places  from  Orcen  Hi ver  westward  to  and  beyond 
•he  Sun  Rafael  swell, 

^eganese  occurs  rather  persirtcotly  aJoi^  the  purl 
®( the  bed  that  was  examined,  but  only  in  pieces  is  It 
piire  enough  or  In  bodies  large  enough  to  be  constdiw'cd 
Few  of  the  blanket  dopofits  are  utore  llu»n  50  feel 
Ifog  and  meet  of  them  measure  20  feet  or  lest.  Generally 
•hey  are  clteely  sjiaced  for  a  mile  or  two.  forming  rich 

Workable  areas  that  are  separated  by  lung,  barren 
*  *^’■*'1'®*-  Ordinarily  the  workable  iJankels  range  in 

Wickiriiw  from  2  to  6  inches,  but  a  few  reach  a  Ihickncaa 
U  3 

‘Hiopit®*  In  iln)  Given  Itivvr  dislriet.Umh:  U.  S.  Ocol.  Sumiy 

’^'Uull.  pp,  ._j.j  oclober.  1918. 


I.u  wc  fragments  of  ore  are  sc.'itto.n-d  over  thouionds  of 
lunw.  but  owing  to  variations  in  their  distriliution  and  in 
llie  j»roj>.jrtion  of  fragraonts  of  rock  mixed  with  them  only 
roraparaiivcly  small  an*as  are  worleable  uikUt  present 
ccmdilions.  In  places  the  fragments  of  ore,  moat  of  them 
about  2»  big  as  a  walnut,  completely  covit  the  ground 
and  can  la?  easily  raked  up  and  loaded  in  wagons.  t>rdi- 
narily,  however,  in  the  worlcolilo  areas,  the  fragments  ara 
distributed  through  a  foot  or  lees  of  sandy  soil,  the  com- 
plet<‘ly  disintegrated  matrix  of  the  original  ore  bodies. 
Tins  dry  screening  ground  will  yield  10  to  100  pounds  or 
more  of  ore  a  square  yard  but  generally  not  more  than 
25  pounds. 

The  bulk  of  tho  ore  h.as  the  properties  of  pyrolusito, 
which,  a.s  suggested  by  commonly  occurring  crystal  fonus, 
is  probably  secondary  or  ])seu<loinorphic  after  mangani'e. 
Wad  is  widespread  but  not  abur.d.iut,  and  rhodochrosito 
occurs  sparingly  in  two  niiiKs. 

NLany  of  the  blanket  deposits  .appear  to  be  almost  pure 
mangaaese  dioxide.  Several  carloiuls  have  been  shijipcd 
lint  cairiefl  70  to  P-l  per  cent  of  manjpuiesc  dioxide,  the 
principal  impurities  being  lime  and  siliui.  Tho  ore 
gciK-raJly  contains  less  than  U  per  cent  of  iron,  very  little 
)>hosphoru.s,  and,  rather  curioiu"! y,  from  a  trace  to  one-half 
of  1  per  rent  or  more  of  copjicr.  In  places  the  blankets 
grade  into  m.aterial  conflating  largely  of  lime  and  gypsum, 
The  uivltiliir  concretions  and  irregular  replacements  along 
jouits  contain  more  silica  fli.in  tho  ore  of  tho  bhtnkcls. 
The  residual  ore  in  the  soil  generally  contains  -10  per  cent 
or  more  of  manganene,  from  8  to  15  per  cent  of  silica,  and 
leas  than  2  per  cent  of  iron.  A  n  averagu  of  35  ear  samjileoof 
mixed  ore  shipped  from  the  C.  F.  As  1.  mine  contaiiu'd 
•11.3  per  cent  of  manganese,  10.i>  per  cent  of  silica,  and  1.5 
per  cent  of  iron. 

It  is  inlereatlng  to  record  the  fact  that  celcstite  (siroatium 
sulphate)  occura  in  nonpersialcnt  beds,  from  1  to  B  inches 
thick,  associated  with  gypsum  in  the  mangauiferous 
stniluin  at  several  places  in  the  C.  F.  &  1.  mine. 

The  nwuganoee,  lime,  and  gyp.Muni  were  originally 
deposited  in  n  body  of  water  during  tho  Jurassic  )H’riod, 
and  after  the  region  had  been  uplifted,  aad  tho  manga- 
niferoM  stnU  am  uncovered  by  trusion  in  late  Tertiary  time 
the  we  bodice  that  are  now  exploited  were  formed  by  the 
setisn  of  ourfaco  waters.  It  is  not  clear  whether  concen¬ 
tration  of  the  manguiii'so  is  still  in  pn.igriwi. 

Most  ot  tlie  mint  s  in  this  district  were  operated  part  of 
the  Limo  during  1016  and  1917.  At  present  (October, 
lillft)  three  ofierators  iiro  producing  400  to  000  tons  of  high- 
grade  niaugancso  ore  a  month.  Most  of  this  ore  comes 
from  the  C.  F.  A  I.  and  .Salt  Wash  mines,  operated  by  the 
Green  Rim  Muiing  Co.  The  other  active  oiwraiors  are 
The  Needles  Muiing  Co.  and  J.  D,  Fonder. 

Tho  dc-poaita  are  worked  sebiy  by  open  pita.  The 
bedded  defxwils  (blankets)  bear  an  overburden  ranging 
ill  thickness  from  a  few  inches  to  0  feet,  which  is  stripped 
off  by  hand  or  with  plow  and  serap.-r.  It  is  rarely  profit¬ 
able  to  mine  them  by  drifting  under  cover  or  to  remove 
more  than  6  feet  of  overbuitlcn.  lU-sidual  fragments  of 
rnnnpaneso  ore  are  seiwraled  from  the  .soil  by  dry  screening 
imd  hand  picking. 

At  the  C.  F.  A  I.  mine  a  revolving  screon  driion  by  a 
g-.isoline  engine  h.a-s  been  diw.w.lod  for  one-man  hand¬ 
shaking  Sf^reens  and  stationary  sloping  screens  such  as  are 


I 


618 


ORK  DKPOSr: 

coinmonlv  Ui!e<J  by  mortar  mixers;  lo  cleau  sand.  In  tUw 
way  one  man  ca>i  produce  from  1.000  to  2,m  potmds  of 
ore  a  day.  Tho  quantity  of  ore  produced  from  the  blank¬ 
et  by  one  man  in  variiible  but  avorages  newly  the  same 
at;  that  obtained  from  the  residual  depotrifs<. 

It  is  ostimated  that  7, .100  toia  of  hiidi-grade  ore  (con¬ 
taining  more  tlian  10  per  cent  of  niangaiitfe)  w  availablo 
for  niiiiiiig  under  pressi'nt  conditions  and  without  inodific.r- 
tion  of  existing  jnclhtxl*.  Mo“l  of  this  may  be  chis-dflcxl 
aa  ‘ '  furnace  ”  ore,  though  n  coiwiderable  part  of  it  could  be. 
hand  scrtiHl  lo  “dio.xide"  ore.  Aliout  twoiiiirda  of  the 
quantity  eetiniatesl  is  coutiiiiod  in  the  blanketaand  the  re¬ 
mainder  in  tbcj  rcsiduiil  deposits.  The  above  catiuisatca 
ineludo  So  mines,  2  of  which  supply  more  than  half  the 
tolui. 

In  addition,  22, .VW  ions,  chiefly  in  the  rc.sidual  smiace 
deposiis,  ore  posnibly  avaiJiiblo  lo  iiiiiung  under  improveel 
conditions  or  methotls.  Rome  way  othw  than  hand¬ 
picking  should  be  dexdsed  lo  wisiraie  the  rock  fr.igmonU 
from  the  or4i. 

Under  p.'tscnt  cuDcUtions  the  ore  iu  the  Oreen  lliver 
district  thatcoiiuuiis  nmeh  1i*n»  than  40  per  cent  of  ninngn- 
ncso  ran  not  pcrliaps  I'kj  mined  profitably,  but  such  ora; 
hiip|>eii9  to  bo  not  very  abundaui.  Altoiit  6,001)  tons  of 
oru  eoiitaiiung  from  16  to  40  jst  rent  of  manganese  oniS 
considcr.ible  lime  is  nvuiliible  for  mining.  In  addition, 
Ihirrc  IS  a  considerable  nninuiit  of  oru  containing  smaller 
pcrcentngixt  of  munganesc  and  much  ailicn,  most  of  it  iu 
some  abimdoiied  claims  at  the  locality  known  ns  Court 
Honsi!. 

M.uipauifimotia  iron  oro  wiw  ol)scr\’ed  at  only  oao  place, 
wluTu  on  outcrop  proiuiscH  to  yield  tcveral  hundred  tons 
of  appwcnlly  luw-grs'Jo  material.  Tho  iron  oxides  Me 
goiicrully  distinct  from  tho  mangani'se  and  occur  chiefly 
in  tlie  layer  next  below  it,  but  no  material  rich  enmqjb  to 
bo  cliisdlii'd  iw  iron  ore  rvaa  seen. 

Tho  total  proihiotioii  of  maiigancso  ore  prior 
to  1010  ia  givi'ii  by  Iltinler '  as  3,815  tous. 
tlio  liirgost  production  hcitig  made  in  IflOl  aad 
smuUer  outputs  in  1903,  1904.  and  1906. 

BIBUOGBAPHY. 

Bui  rwEM.,  J.  M.,  l^au.adiuin  and  umuium  iu  southeaalern 
Utait:  U.  iS.  tlcul.  Riavey  Hull.  2C0,  pp.  2i)I-210,  JS05. 
Cnos.s,  WiinM.%.N,  Rtmligniphic  e'siilis of  a  reconDaisssmcc 
in  woHloru  ('oloriidoand  eauteni  Utah:  Jour,  Gcolcgy, 
vol.  15,  pp.  ISflT. 

B.m.muns,  \V.  U.,  The  ra^liin  mine,  Moulroso  roimty, 
I'olo.:  U.  8.  Gcol.  Survey  Hull.  2S5,pp.  125-128, 11)05. 
n.MiiiEii,  K.  C.,  afnngaueio  deixsitts  uf  tlio  United  States: 

I  K.  r.eol.  Siu-vcy  lliid.  127,  p.  27.5,  1910. 

Hill,  J.  JI  ,  Non>8  on  tlw  northern  I.a  Sal  ilounlama, 
Onnid  foiinly,  Utah:  U,  S.  ticol.  .Purvey  Bull.  0:;o, 
pp.  99-118,  19 U. 

Liij-io.v,  0.  T.,  Oil  and  igiw  mar  Green  River,  Grand 
(  ounty,  Utah:  U.  S.  Geol.  Survey  Bull.  5-;i,  1911. 
Moiiiik,  R,  B.,  and  Kithil,  K.  1,.,  A  preliiuinar.^  report 
oil  unininni.  r.idium,  mid  vanadium:  U.  H.  Bur.  iliaes 
Bull.  70,  1913. 


.’S  OF  UTAH. 

NewBKKRY,  f.  S.,  Report  of  cxpeditioii  from  Santa  Kc, 
N.  iMe.x.,  to  the  junclion  of  the  Grand  and  On-en 
ri\'cra  of  the  Great  f'clondo  of  the  Weat  in  1856, 
WiishiiigU'n.  1876. 

Pe.\lk,  a.  RcfJort  as  geologist  of  tho  Grand  River 
division:  U.  S.  Gicol.  and  Geog.  Survey  Terr.  Ninth 
Ann.  Rept..,  for  187.5,  pp.  31-101, 1ST7. 

- -  Report  as  geologist  of  the  Grand  River  division: 

U.  8.  Gcul.  and  Oeeg.  Survey  Terr.  Tenth  Ann. 
Rept.,  (or  1876,  pp.  101-185,  1S7S. 

ABAJO  (BLUE)  MOUNTAINS. 

By  B,  S.  Butler. 

M.  R.  Thorpe  s{)ent  part  of  the  summer  and 
fall  of  1915  in  studying  tlio  Abajo  Mountains 
and  presented  tho  results  of  his  work  to  tlie 
faculty  of  Yalo  University  in  partial  fulflU- 
incttt  of  the  requirements  for  tlie  degree  of 
baoholot  of  philosophy.  Mi‘.  Thorpe  has 
kifidly  allowed  tlie  writer  Lo  make  tho  following 
notes  from  this  material.  Those  espcciuUy  in¬ 
terested  in  the  region  are  vecomraended  to  con¬ 
sult  tho  eonipleto  report: 

GEOGBAPHY. 

The  Abajo  Mountains  aro  in  ea.ste.ni  San 
Juan  County.  Moutieollo,  the  nearest  settle¬ 
ment,  is  about  6  miles  northeast  of  the  moun- 
tuiiis;  Grayson  is  about  20  miles  south;  Moab 
is  about  70  miles  north;  and  Thomp.sons,  on 
the  Denver  &  Rio  Grando  Railroad,  is  about 
40  miles  farther  north.  Dolores,  Colo.,  on  tho 
Denver  &  Rio  Grando  narrow-gugo  radroad, 
is  60  mile.s  oast  of  Montiocllo.  From  Thomp¬ 
sons  to  Moub  tho  wagon  road  is  good,  and  from 
Moub  to  Monticello  it  is  fair  and  is  being 
improved.  This  route  is  used  by  the  mail  stage 
and  for  freighting  most  of  tl\o  supplies  for  the 
region. 

The  Abajo  Mountains  aro  relatively  high,  and 
in  consequence  the  whiters  are  cold  and  the  sum¬ 
mers  only  moderately  wu.rm.  Precipitation  is 
above  tho  average  for  tho  Plateau  region  and  a 
rather  abundant  forest  growth  clothes  tho 
mountains.  Sovoral  streams,  wliich  head  in 
the  moimtauis  and  flow  across  tho  surrounding 
plateau  till  the  water  disappears,  arc  utilized  for 
iiTigation,  wliich,  wit.li  dry  farmhig,  has  been 
practiced  with  success.  ITic  moimtains  and 
surrounding  plateaus  funiish  range  for  cattle, 
sheep,  luui  horses,  and  slock  raishig  is  tho  most 
impoHant  iudu.stry  of  the.  region. 

The  Abajo  Idountains  form  a  typical  roughly 
circular  laccolithJc  mountain  group  wliich  rises 
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abruptly  froni  tho  sun-ouiuliiig  plateau  to  eltv 
vntious  of  10,000  to  11,000  feet  or  3,000  to  4,000 
feet  above  tho  platcuu.  Tho  streams,  which  i 
radiate  from  the  iiioun  tains,  drain  to  Colora^lo  | 
River  thiough  Sau  Juan  and  Grand  rivers. 

GEOLOGY.  I 

Tho  sedimentary  rocks,  which  cover  most  of 
tbo  area,  range  in  age  from,  Triassic  to  CV<v 
tocoous.  The  lowest  formation  extensively 
expasod  around  the  mountains  is  tho  Ver-  ■ 
milion  Cliff  sandstone,  wliicli  is  cut  by  ciuiyons 
to  the  r.orth  and  west;  it  has  a  tliickness  of 
250  to  300  feet.  Overlying  it  is  75  to  100  feet 
of  shales  and  sandstones,  which  is  overlain  hy 
tho  White  WaU  samlstono  with  a  tlucknc.s3  of 
300  to  400  feet.  Abovo  tlio  White  Wall  sand¬ 
stone  is  tlio  McElnio  formation  of  500  to  600 
feet  of  red  and  green  shales  and  rather  massive 
beds  of  light-colored  sandstone.  This  is  e.x- 
posed  on  all  sides  of  the  mountams  except  the 
northwest.  Overlyhtg  tho  McElmo  are  Ci’O- 
Ucuous  rocks  (about  200  feet  of  Dakota  sand¬ 
stone  imd  an  equal  thiclmess  of  Mancos  shale), 
wliich  nearly  siuroujid  the  mountains  and  ex¬ 
tend  well  up  toward  the  summits. 

In  the  central  portion  of  the  Abajo  gioup 
arc  exposed  several  laccoliths,  which  wcio  in¬ 
truded  at  different  horizons  in  tho  Triassio  and 
the  eVotnceous  rocks.  Tlio  rocks  aro  rather 
lino  gitiinod  poi'pliyrios  of  monzonitic  composi¬ 
tion  that  closely  rc.semble  those  of  tho  other 
larcoUthic  mountains  of  the  Plateau  j'cgion. 

A  few  dik<'.s  cut  the  laccoliths  and  the  adjacent 
scdiraenUiry  rocks. 

The  sctlimcntapi'  rocks  near  tho  contact  with 
tho  laccolitluc  V)Otlies  havo  undergone  some 
metamorphism,  the  sandstone  being  changed  I 
to  quartziti's  and  tho  shales  to  honifclfl. 
Djcally  fonsitlerablo  pyrite  ha5  been  iutro- 
ducwl  into  the  seiliincntaiy  rocks  near  tho. 
Contact.  ! 

The  structure  is  laccolitluc,  the  sedimentary  ' 
rooks  having  bi-cn  raised  and  arched  over  the  ^ 
intrusive  rocks.  The  numerous  laccoliths  ui- 
tnidcd  at  dill'crcmt  horizons,  together  witii  the 
influence  of  carUcr  stinctural  features,  has, 
i^owover,  caused  tho  structure  to  vaiy  somc- 
'*^hat  from  the  tvpicoJ. 

OKS  DSPOSTTS. 

The  first  metal  discovered  in  the  Ahajo 
Mountains  was  placer  gold.  In  1S93,  follow- j 


big  the  San  Juan  ''boom"  of  tho  previous  year, 
placer  gold  was  found  on  Johnson  Creek.  This 
discoveiy  produced  considerable  e.xcitement, 
hut  very  little  gtdd  was  extnictcd  and  the 
placers  wero  soon  abandonefl.  Shortly  ufter- 
wai"d  pnj.'^pccting  for  lode  deposits  was  under¬ 
taken  and  is  still  cmitiiiued.  Much  money 
and  labor  have  been  ex|>endod  in  ilevelopincnt 
and  ill  mill  building;  but  little  metal  lias  been 
recovered,  and  no  deposit  has  paid  the  ex¬ 
penses  of  ojienilion. 

Most  of  the  work  has  been  done  on  mineral¬ 
ized  areas  near  the  contact  of  the  int  rusive  and 
sodimciitaiy  rocks,  near  which  cousiderublc  py¬ 
rite  and  some  gold  have  been  added  in  places 
to  the  sedimeiitiiry  rocks. 

WHITE  CANTON  REGION. 

By  B.  S.  Buti.kh. 

GENXRAL  TEATURES. 


In  the  \Vbite  Canyon  region  are  included 
Wliite  Canyon  and  areas  to  tho  norlb  and 
south  that  arc  said  to  contain  some  miucml 
deposits.  White  Can^'on  joins  tho  Colomdo 
from  the  soutlieast,  at  Ilitc,  Utah.  Tho  region 
is  reached  from  the  north  from  the  town  of 
Green  Eiver  on  tho  Denver  &  Eio  Gmnde 
Railroad  hy  w'tiy  of  Ilanksville  and  Hite  and 
from  tho  soutliw'est  from  Bluff,  on  Sau  Juan 
River.  A  wagon  road  from  Green  Eiver  has 
been  built  as  far  as  Hite.  At  Dandy  Cros.siiig, 
just  above  Hite,  animals  c-aii  ca.sily  swim  the 
river,  and  supplies  can  be  taken  ncro.s.s  in  lioats. 
From  Hite  the  tiviil,  which  Wius  oiico  used  us  a 
wagon  road  and  which  is  still  an  excellent  pack 
trad,  passes  thi’ough  White  Canyon  to  tlie 
Natural  Bridges,'  40  to  45  miles  ilistrnt,  and 
thence  to  Bluff. 

Topographically  tlic  region  Is  typical  of  the 
plateau  country,  ^^■^litc  Canyon  is  a  deep  cut 
in  the  gently  jiiclitied  rocla,  whoso  hardi'.r 
strata  form  nearly  perpembcular  cliffs,  topped 
bv  benches  worn  back  in  the  weaker  rocks. 
Such  a  bench,  a  few  rods  to  half  a  mile  in 
width,  formed  oii  the  surface  of  tho  nia^ive 
white  Carboniferous  sandstone,  hordci’s  tho 
inner  caiiyi>u  for  nearly  its  entire  length  and 
{uniishe.s  an  easy  road.  'This  bench  is  bordered 
by  nearly  unscalable  cliffs. 


Byiun,  Tfco  iroK  wlo-'n  'Tito’ 
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onK  DEPOsn 

Tlu',  iimor  cunyon  in  tho  white  siindstonc  is 
in  most  plucob  very  sleep  and  narrow  and  can 
be  crossed  in  few  places.  In  the  vicuuty  of 
the  Niituiiil  Bridgi’S  it  is  particidurly  ruggo 
and  picturt*3que  and  is  especially  mterestmg, 
both  hccuuse  of  the  scu^ncry  and  of  the  imiis 
loft  b}’’  tlie  prcliistoric  inhabitants. 

Perennial  water  supplies  are  scarce  and  of 
rather  poor  qu.ality.  Tlio  largest  9upi)ly,  so 
far  as  the  \vritcr  is  aware,  is  at  Frys  cabiii, 
when  a  small  stream  is  said  to  p<^rsist  thi’ough 
the  year.  ■Kiirly  in  t!»c  spring  and  late  in  the 
fall  g(tod  Wilier  can  usually  be  found  in  the 
shallow  ‘'  tanks”  that  have  been  eroded  in  the 
massive  sandstone.  Many  of  these  arc  inac- 
cessihhi  to  the  caltlo  ranging  in  the  canyon, 
and  the  water  is  uiijioUulcd.  ^'ater  holes  are 
also  proseub  in  the  canyon,  but  the  water  is  of 
poorer  quality.  Good  timber  is  lacking,  but 
cedar  and  oilier  seiubby  trees  and  sagebrush 
nffonl  fuel  for  travelers. 

The  canyon  furnishes  range  for  cattle,  but 
no  ol  her  use  is  made  of  the  land,  and  cullivat  ion 
on  an  important  scale  is  not  pos.sible.  The 
nearest  source  of  farm  supplies  is  the  Henry 
Mountains  region  and  small  areas  of  irrigable 
laiul  near  Colorado  River.  From  the  east 
supplies  can  bo  obtained  from  Bluff  on  San 
Juan  River,  or  Grayson  and  Monticello,  at  the 
base  of  the  Abajo  Mountains. 

GEOLOGY, 

STR.\TtGnAr'Ul'. 

Tim  lowest  rock  cxposcil  in  M'lute  Canyon 
is  a  rai’.ssivo  cross-biHlded  gray  sandstone, 
several  hundrexl  feet  of  which  has  been  cut 
through  in  the  upper  part  of  the  iimer  canyon 
without  e.Kposing  the  base.  Above  this  gray 
saudstono  is  300  to  400  feet  of  red  sandy  shale 
with  intercalated  beds  of  sandstone.  About 
100  feet  below  its  toji  is  a  lenticular  bed  of 
fossiliferous  gray  sandstone,  in  which  most  of 
the  ore  deposits  aro  supposed  to  occur.  Over- 
lying  the  red  shale  is  a  white  sandstone  that  in 
placics  attains  a  thicl-uiess  of  60  feet  but  that 
is  tiwlinctly  lent  icular,  nearly  jiinching  out  for 
considerablo  ilistances,  Tliis  smulstone  con¬ 
tains  small  lenses  of  rather  line  conglomerate. 
MTiero  examined,  south  of  Fry’s  cabin,  it  con¬ 
sisted  of  nbout  6  feet  of  conglomerate  at  the 
base,  overlaid  b}'  1.6  to  20  feet  of  sandstone. 

Above  the  white  saiuistono  is  a  red  shaly 
formation  at  least  200  feet  thick.  This  in  turn 


•s  OF  ItTAH. 

is  followed  liy  massive  reil  sandstone  regarded 
ns  Vermilion  Cliff  sandstone. 

The  formations  exposed  in  Wliite  Canyon 
seem  to  correspond  to  the  Aubrey  sandstone, 
Shinarump  group,  and  Vermilion  Cliff  gioup 
of  Gilbert’s  Ilenrj'^  Mountains  section. 

The  following  tabic  shows  the  probable 
correlation  with  the  Henry  Mountains  section; 

Correinlwi  nj  Ihwy  Mouniaiiis  evd  White  Omi/on 
Hfi'/if/ni. 


Henry  Mountains.  | 

WTilte  Canyon. 

Vormilioii  <’lifi. 

Firt. 

Saudstono. 

Triaasic. 

Varic^ted  clay 
ahftlo. 

:i00 

Upper  ted  shale. 

Shinerump  cou- 
glooicrate. 

1 

30 

Gray  sniutrtone 
niid  couolom- 
cr.ate. 

Pirniiaa  (7). 

1 

Chocolato  ahaJe, 
in  part  sandy. 

■too 

Lower  red  shaJe. 

Ponna  y  1  v  n  - 
nlixa. 

1  Aubrey. 

I.owcr  white 
eandatnnc. 

STnrrTUKK. 

The  structure  of  the  region  is  siniple,  lu 
passing  sonlhcast  up  the  canyon  from  Colorado 
River  to  the  vicbiity  of  the  Natural  Bridges, 
a  distance  of  about  30  miles  in  a  dhect  line, 
the  lower  white  sandstone  rises  from  an 
elevation  of  about  3, .500  feet  (below  the  surface 
of  Colorado  River)  to  fully  6,000  feet,  an 
average  of  about  100  feet  to  the  mile.  The 
impression  gained  in  going  up  the  v-alley  la 
that  of  u  great  dome  structure  or  very  broad 
anticline.  Southeastward  from  the  Natural 
Bridges  the  strata  aro  nearly  horizontal  for 
several  miles  and  then  dip  eastward,  at  6rst 
gently  and  then  pronouncedly  near  C^nib 
Wash.  The  region  constitutes  a  broad  uplift 
with  relatively  steep  dips  along  the  oustcrly 
margin  and  gentle,  rather  uniform  dips  along 
the  west  margin  to  Colorado  River.  (Sec  PI. 
R’^.)  This  uplift  extends  from  the  vicinity  of 
the  Abajo  Mountains  through  the  Orejas  del  Oso 
(Bear's  Ears)  to  ifonuinent  Valley  uml  thence 
into  Arizona,  llobncs  ‘  describes  the  region 
south  of  tlio  Abajo  Mountains  as  follows: _ 

I  HoInuM,  W.  U.,  Cluoleiar  ol  Iho  RUtth  •.)«)<>  and  »e»t  Siui  511^ 
Maumalru:  U.  ?.  GwI.  iu«l  Ctng.  Survoy  Terr.Tenih  Ann.  Kept., IKTO, 
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On  jJie  Piaioaii  t-iuls  in  n.  groat 

nioiii»cIinftI  k>*d.  with  tiie  downlhrow  on  tho  oast.  Thn 
freterfon*  floor  of  (he  Sage  Plain  oxtonds  ^^oat\varll  to  tho 
line  of  thin  fold  “od  oernpios  about  the  sinie  absolute 
portion  os  the  middle  portion  of  tho  Triassic  fonnations 
(0  the  vest.  The  throw  of  the  fold  r\ould  thoieioro  bo 
approximately  1,000  foot.  Althongli  tho  amount  of  dis- 
pltccmoDt  is  so  slight  tho  fold  is  easily  traced  by  a  number 
of  moDOciinal  valleys  that  follow  its  axis  from  the  base  of 
IheAbajogroup  to  the  >Saii  Juan.  The  ridges  thatsoparah' 
these  valleys  have  smooth,  sloping  faces  to  the  east,  and 
onaoftheiri,  which  presents  a  continuous  line  of  white  or 
pi.nhbh  !*«•«,  can  be  tmeed  south  to  the  San  Juan,  and 
farbeversd  into  An’zoua.  Xlaoonib  and  Epsom  creeks  on 
ihe  north,  and  the  ilio  do  (  holly  on  the  south,  occupy 
titsmorc  prominent  of  these  valleys. 

Wootlruff  '  liiis  described  a  sharp  fold  along 
!ho  eastern  border  of  the  Sun  Juan  oil  field. 
The  outcrop  of  tho  La  Platz  and  Vermilion 
Cliff  saudsUmes  along  this  fold  forms  the  Comb 
Wash  Reef. 

A  geatJo  anticluuil  fold,  or  “wurp,”  which 
treuds  appro.vimutoly  uloPg  the  axis  of  White 
Canyon  nearly  at  right  angles  to  the  larger  np- 
lift,  dips  vei’}''  slightly  to  tho  uortli  and  several 
d^ees  to  the  south. 

There  is  little  faulting  in  the  canyon,  though 
there  are  some  fissures,  along  somo  of  which 
there  has  doubtless  been  slight  movement. 

ORE  DEPOSITS.  - 
DEVELOPMENT. 

Copper  deposits  have  been  knovxm  in  Wliite 
Canyon  for  several  years,  but  owing  to  tho  rc- 
j  motencss  of  tho  region  prospecting  has  bcou 

I  slight.  'ITio  unusually  high  price  of  copper  in 

1906  and  1907  stimulated  prospecting,  and  iu 
1907  a  reduction  plant  was  in  transit  from 
Green,  River  to  Fry's  cabin  in  the  upper  part 
of  tha  canyon  when  tho  fiLiianeial  troubles  of 
the4iyear  put  a  stop  to  the  undertaking.  From 
1907  to  1913  but  little  work  was  done  beyond 
IW.  necessary  to  hold  the  unpatented  claims. 
Some  or®  was  shipped  in  1916. 

Tho  deposits  arc  typical  of  those  iu  sand- 
•tone  throughout  the  Plateau  region.  They 
Occur  priucipaJly  in  tho  lenticular  white  sand- 
*tuna  about  100  feet  below  the  top  of  tho  lower 
‘halftBerics. 

MINES. 

The  Dolly  Varden  claim,  about  9  miles  from 
contains  the  most  extensive  deposit  so 
^developed.  The  copper  cninerals  impregnate 

K.  G.,  Gnul,>Ef  d  ilw  Son  Juan  oU  fleltl,  Uluh:  U.  3.  Oeol. 
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the  lower  part  of  the  white  sandstone  on  the 
south  side  of  the  canyon  for  a  luaxinnuu  tliick- 
uesa  of  1.5  to  20  feet.  Tho  main  mineralized 
zone  is  on  a  ridge  and  is  exposed  on  two  sides. 
About  200  to  2.50  feet  from  the  point  of  ridge  in 
a  southerly  direction  the  mhicrulized  rock  di- 
miuishe.s  in  thiclcness  to  11  to  2  feet,  aud  within 
about  400  feet  it  disappears  entirely.  West¬ 
ward  it  can  be  followed  for  a  greater  distance, 
but  300  to  400  feet  away  it  beiioincs  very 
thin.  A  tunnel  driven  in  the  copper-bearing 
formation  in  tho  most  promLsing  part  of  the 
outcrop  for  about  200  foot  shows  considerable, 
copper  in  tho  first  125  feet  but  little  in  the  last 
50  feet.  The  area  of  gi-eatest  mineralization  is 
cut  by  fissures  that  trend  N.  70°-90°  W,  They 
show  little  displacemi^nt.  Along  them  and  ex¬ 
tending  from  them  into  the  bedding  is  n  deposit 
of  black  mincr^J  cementing  the  grains  of  saud, 
and  with  this  is  some  copper  carbonate.  Tho 
black  mineral  was  tested  in  the  Survey  Jabora- 
toi’j  and  found  to  contain  considerablo  (lobalt 
and  is  probably  somo  form  of  cobalt  oxide.  Its 
composition  was  not  recognized  in  tho  field  and 
no  acciu'ate  data  on  the  amount  present  were 
obtained. 

Tlie  bods  are  irregularly  mineralized,  some 
small  lenses  contniniug  a  rather  high  per¬ 
centage  of  copper,  but  taken  us  a  whole  the  ore 
is  of  rather  low  grade.  The  richest  ore  ob¬ 
served  is  in  a  lens  of  rather  fine  conglomerate 
with  a  maximum  thickness  of  about  0  inches. 

Much  of  the  ore  is  ns-sociated  with  plant  re¬ 
mains,  the  original  copper  minerals  evidently 
having  partially  replaced  or  having  been  pre¬ 
cipitated  by  the  vegetable  matter. 

The  metalliferous  minerals  at  the  suifaco  are 
mainly  carbonates  of  copper,  hydrated  oxide 
of  irou,  and  a  black  cobalt  mineral.  Sul¬ 
phides,  which  were  observed  in  a  few  pieces  of 
ore  from  the  dump,  consist  of  cores  surrounded 
by  oxidized  minerals.  In  polished  sections 
they  are  seen  to  consist  of  bormto  tliat  has  been 
partly,  and  in  some  specimens  almost  entirely, 
replaced  by  chalcocite.  No  chalcopyrito  was 
observed.  This  frngmenturj'  cvudence  indi- 
cat<?3  that  the  original  form  of  the  copper  was 
bornite. 

Blue  Dilce  prospcci.—The  Blue  Dike  prospect 
is  a  mile  vvest  of  Fiftceiumle  Crossing,  15  miles 
from  Hite,  on  the  south  side  of  White  Canyon. 
The  copper  occurs  in  a  lens  of  white  cross- 
bedded  sandstone  uitcrbeddcd  with  tho  red 
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siltilo  nu<l  sanilstfinti  series  «t  or  near  the 
horizon  of  the  Dolly  Vaixleu  prospect-. 

The  lens  of  samUtoiio  i.s  12  to  15  feet  thick, 
but  the  copper-bearing  rock  in  the  (hick(?st 
j)ortion  is  about  10  feet  and  thins  to  zero. 
The  mineralized  portion  is  e.\po.sed  for  MO  to 
200  f(!et  along  the  strike,  'J'here  is  a  slight 
seepage  of  water  from  the.  rock,  and  every¬ 
where.  tile  iidju’ralizc<l  outcrop  is  covered  by  on 
nhundanco  of  efllorescent  salts  ranging  in  color 
from  while  to  vnrj’ing  shailes  of  blue,  green, 
pink,  and  yellow.  The,  salts  are  hydrous 
siiljihates,  proliahly  of  varying  eomposiliou. 
The  gn'cn  and  blue  minerals  etiiitabi  copper; 
the  yellow  siilts  wero  tested  in  the  Survey 
labomtory  and  found  to  bo  sulphates  of 
uninlum;  and  tho  pink  salts  give  tests  for 
colialt.  As  yot  no  thorough  chemienl  or  luiu- 
crnlogic  study  of  these  salts  ho.s  been  made. 

A  little  water  collected  in  the  bottom  of  a 
short  timiu'l  was  strongly  acuUc  and  contauis 
sufTieient  cojiper  to  plate  a  laufe  blade  in  a  few 
minutes.  Tlio  walls  of  u  tuimel  that  extends 
about  40  feet  into  tho  ledge  are  even"w’herc 
coaled  with  tho  elllort'seeiit  salts. 

A  short  luiuiel  driven  in  tlic  ledge  for  assess¬ 
ment  work  in  the  fall  of  1914  revealed  .sul- 
phidis,  in  largo  part  ns  a  replacement  of  plant 
remains  ami  in  lesser  amount  ns  n  cementing 
material  between  sand  grains.  'ITie  sulpludes 
noted  arc  chalcojryrite,  coveilite,  chalcocite, 
and  a  little  pyritc.  The  chalcopyritc  and 
pyrilo  appear  to  have  been  the  earliest  of  the 
sulphid(«  and  to  have  been  partly  replaced  hv 
coveilite,  wliioli  in  turn  was  partly  altercnl  to 
chiileocite,  the  latter  inii\enil  being  present  in 
relatively  small  amount  in  tho  specimens 
e.xamine«i. 

In  tho  replacement  of  ihc  vegotaldo  matter 
the  cellular  stnieturo  is  presiiwed  and  is 
brought  out  ratlicrpromhiently  when  the  chnl- 
copyrite  alters  to  coveilite.  (See  PI.  XW.) 

O.xiilizcd  copper  minenils  and  a  yellow 
uranium  sulphate  are  associated  with  all  the 
•sulphiile  exposeil.  Tlio  examination  of  pol- 
islied  sections  foiled  to  reveal  any  uranium 
minenJ  nssocialed  with  tho  sulphides  from 
which  the  sulphate  of  uranium  could  have  been 
derived,  thougli  the  relation  U  strongly  su*'- 
gistive  of  tho  derivation  from  the  sulphided. 
None  of  tho  sulphide  was  suflicicnfly  free  from 
oxidation  products  to  permit  conolusivo  chem- 
icjil  proof  of  the  pn*senoe  of  other  uranium 


than  that  contained  in  ihc  sulphate.  There, 
seems  Httle  doubt,  liowever,  that  tho  iron, 
copper,  cobalt,  and  uranium  were  all  present 
in  the  sulphide  oro  ami  that  the  recognized 
uranium  ami  cobalt  Iiavo  been  derived  from 
tho  alteration  of  that  ore. 

HENRY  MOUNTAIN  REGION. 

Hv  n,  s.  nL'TLKu. 

GEOGRAPHY. 

nic  Henry  Mountains  are  nii  isolated  group 
in  Garfield  CJounty,  southwestern  Ufali,  lying 
lictweeii  37°  40'  and  3S°  15'  north  latitude  and 
110°  30'  and  111°  W'est  longitude.  The  gioup 
has  a  northwest-southeast  length  of  about  35 
miles  and  a  general  wi<lth  of  8  to  10  miles. 
Mount  Elbworth,  its  soniherumost  peak,  is 
only  a  few  miles  from  Colorado  River.  Ilanks- 
viUe,  tho  nearest  scttlornent,  is  on  Fremont  or 
Dii’ty  Devil  River,' about  15  in'des  north  of 
Mount  Ellen,  the  most  northerly  peak,  ami  is 
about  60  miles  bj'  road  from  Green  River  on 


railroad  point;  and  Is  about  150  inile.s  from 
Richfield,  on  the  Marysviilo  branch  of  the 
Denver  &  Rio  Grando  Raili'oiid. 

In  whiter,  except  on  tho  higher  parts  of  the 
mountains,  tlio  temperature  is  mild  and  pleas¬ 
ant,  but  in  summer  it  is  hot.  Except  on  the 
mountains,  the  rainfall  is  light  and  uncertain. 
Tho  average  rainfall  at  Hite  is  given  in  the 
table  'p.  03). 

The  plateau  around  tho  mountain  hears  but 
a  scanty  vegetation,  and  in  many  places  over¬ 
stocking  has  greatly  redneod  tho  normal 
amount.  'I'ho  result  of  ovoretocking  is  strik¬ 
ingly  showm  in  places  whore  ledges  of  rock 
have  prevented  access  of  stock  to  small  areas. 
Such  protected  areas  hear  a  rather  plentiful 
growth  of  bunch  grass,  whereas  tho  accessible 
areas  nro  nearly  stripped  of  vegetation.  The 
same  diUcrenco  is  noted  between  areas  near 
water  ond  those  so  remote  that  .stock  can 
rarely  feed  upon  them.  Tho  region,  if 
ruined  by  ovci-slocking,  will  furnish  grazing 
for  a  largo  number  of  nnimals.  Tho  higher 
portions  of  the  mountains  bear  a  rather  obun- 
cliiut  growth  of  timber,  ample  for  any  n-ses  that 
seem  likoh'  to  develop.  Gilbert  lias  estimated 
tho  forested  area  ns  approximately  25  square 
miles,  mostly  fir,  but  including  considerable 
spruce  and  some  yi'Uow  pine.  Water  is  not 
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abimdaiit,  but  sevortil  pereniual  .strwmvs  from 
the  mountains  suffice  to  iirigate  sovoral  liuu- 
Jrt>d  acres  of  land  each.  At  Hanks  villo  several 
hundred  acres  are  alrcad^y  uurlcr  irrigation 
from  I'Ycniont  River  and  more  can  bo  placerl 
under  cultivation.  The  agricultural  output  of 
the  region  can.  be  considerably  increased  and 
seems  sufficient  to  supply  any  mining,  com- 
munities  that  are  likely  to  flovelop.  f'oul, 
s«id  to  be  of  fair  c[uality,  oreurs  west  of  the 
runge  but  has  been  very  slightly  developed. 

TOPOGRAPHY. 

Tho  Henry  Mountains  rise  5,000  to  6,000 
feet  above  the  general  plateau  surface,  which 
in  the  vicinity  is  approximately  5,000  feet 
above  sea  levcJ.  'fhe  ^)ttom3  of  the  principal 
rAjiyons  are  1,000  to  1,.500  feet  below  the  sur¬ 
face  of  the  plateau.  Tho  indivlduiil  mountain 
peaks  nro  roughly  dome-shaped  and  coalesce 
at  their  bases. 

Mount  Ellen,  tho  uortheinmost  peak,  is  a 
somewhat  elongated  dome  with  a  maximum 
diameter  of  about  12  miles,  a  minimum  diara- 
elsrof  8  to  9  miles,  and  a  maximum  elevation 
of  11,300  feet.  Mounts  Penuoli  ami  Hillei-s, 
next  to  tho  south,  are  nearly’'  circular  and 
coalesce  at  their  bsise.  The  basal  outline  of 
Mount  Hillera  is  about  8  miles  in  diameter  and 
that  of  Jlount  Pennell  is  considerabl}'^  less. 
Mount  Pennell  reaches  an  elevation  of  about 
11,000  feet  and  Mount  Ilillers  slightly  less. 
They  are  separated  from  Mount  EUeii  by  a 
rather  high  divide  {elevation,  about  7,000 
feet)  and  from  Mounts  Holmes  and  EUsworth 
(on  the  south)  by  a  low  divide,  which  scarcely 
reaches  5,000  feet. 

Mounts  I'lolmes  and  Ellsworth,  thesouthom- 
peaks,  are  united  at  thi'ir  bnse,  and 
together  are  scarcely  larger  than  the  more 
a;>rthorly  peaks.  They  are  each  4  to  5  miles 
diameter  at  the,  base  and  slightly  above 
8.000  feet  in  elevation. 

The  range  is  suiTounded  by  a  deepl}’’  dis¬ 
sected  plateau,  which,  except  along  certain 
is  exceedingly  difficult  to  traverse, 
to  the  bases  of  the  mountains,  however, 
the  phvTsiographio  dev'-elopment  is  much  more 
the  streams  are  in  shallow  canyons, 
**id  niovement  is  relatively  ea.sy.  Gently 

oping  spurs,  some  of  which  are  covered  wnth 
extend  from  the  base  of  the  range  and 
evidently  remnants  of  a  once  continuous 


surface  that  lias  been  dissectcil  by  slroams 
along  its  outer  margin,  ami  in  some  places  has 
been  largely  removed.  The  surfaco  of  these 
spin's  are  at  an  elevation  of  7,000  to  8,000 
feet.  Tliis  old  dissected  erosion  bench  strongly 
suggi'sts  those  surrounding  the  Abajo,  La  Sal, 
and  Uinta  Mountains,  and  is  probably  to  be 
coiTclated  with  them,  though  it  is  less  well 
preserved. 

Otlmr  benches  at  lower  elevations  evidently 
represent  jieriods  of  stability  when  tlie  streams 
greatly  broadened  their  valleys.  One  such 
bench,  150  to  200  feet  above  Colorado  River, 
is  very  couspicuoua.  Tt  is  gi'avol  covered  and 
e.xtends  into  the  side  canyons,  and  cvidouUy 
marks  a  levoi  at  which  the  river  stood  for  a 
long  period.  Otlier  gravel-covered  bem-he-s  arc 
lower  flovni;  and  gravel  deposits  J,000  feet 
above  tho  river  evidently  represent  other 
stages  in  the  development  of  tho  ennyen.  A 
correlation  of  theso  stages  with  the  physiog- 
rap'nyof  tho  mountains  presents  an  interesting 
problem,  but  one  that  will  require  detailed 
work. 

The  drainage  of  the  mountains  is  radial  from 
each  peak,  but  at  tlie  base  it  is  collected  into 
master  streams  (Cvesent  and  Trachyte  creeks 
to  the  northeast  and  Pine  Alcove  (Bullfrog) 
Creek  to  the  southwest),  wliich  flow  for  the 
most  part  southeast  to  Colorado  River.  The 
drainage  from  the  north  and  west  side  of  Mount 
Ellen  is  to  Fremont  River  through  Lewis  and 
Bowl  creelcs  and  thence  to  Colorado  River. 

GEOtOGY. 


SEDEMENT.VKY  ROCKS. 

The  sedimentary  rocks  range  in  ago,  nccQrd- 
ing  to  Gilbert,  from  Carboniferous  to  Creta¬ 
ceous.  The  following  sedimentary  section  is 
given  by  Gilbert:  ‘ 

Section  in  the.  IJenry  itountama. 

Cretaceous: 

Masuk  sandstone,  yellow,  heavy  berklcd .  300 

Maauk  shale,  gray,  argil laceou*,  and  toward  the 

top  slightly  aroiiaccous . 

Blue  Gale  sandstone,  yellow  and  heavy  bedded .  500 

Blue  Gate  shale,  blue-black  and  argilteceoua, 
weathering  to  a  fine  gray  clay  {iTuKcrmMta 

d</<)rmfsand  I.  r>fMemaUeHs) .  1,000 

Tununk  B,indstoiie,  yollow-and  heavy  bedded. .  100 

1  Cinirarl,  a.  K.,  GcoIokv  of  Ihc  Menry  Mnuolaios,  p.  1,  V.  S.  GmI. 
and  Geoa.  Suney  Hwky  Mm.  Riylon,  1.ST7. 
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Cretn'-oouM — Continued. 

Tuiiunk  ihalo.  hliic-lilark  and  argillnceous, 
woiahering  to  a  fine  gray  clay  (/jtoccramui 

probhtmtd'eat  tnd  Baeulilcs  auerps) . 

Henry*  Fork  jmup; 

a.  Friable  yellow  Modstonea  with  numer- 

ona  fowilii  *  *  * . . 

li.  jCrenacfoii*  shale*,  pnriilc,  green,  an 
aliitc,  with  Ineal  bods  ot  cnng'.onier- 

. . 

c.  Co*WG  ■iiKistnne  and  conglomemle, 
with  many  white  grains  and  pebbles, 
inlorleavcd  with  Kieal  beds  ot  pur^ile 
and  red  shalfi,  and  containing  ini- 
menso  silicifiod  tree  tninke . 

Jura-Trixs: ' 

Flaming  Gorge,  group;  urci;ace.m.s  shales  or 
badland  enndstonos,  purple  and  white  at  lop 

nnd  red  below . . 

Gray  ('liff  group;  waiwivo  croas-laniinatiHl  sand¬ 
stone,  buff  to  red  in  color . . . 

Yerinilion  Cliff  group;  moasivo  riwu  lamimited 
nandstono,  red,  with  a  purple  band  at  the 

lop . 

Shinaniinp  group;  consisting  of— 

0.  Varitijalod  clay  sholo;  purple  and  wbite 
above  and  chocolate  below,  with  sili- 
eified  wood .  300 

b.  Gray  conalonieratc,  with  silieilied  wood; 

tljc  “  .Shinarump  conglomemte  ” .  30 

c.  Cliccolate-colored  *halo,  in  part  sandy..  400 

CarboniforouM'. 

.\ubrcy  sandslono,  nmasivo,  cros-s-bwldcd :  base 
not  exposed. 

(JiU)crb=  gives  the  following  ilescriptiou  of 
tVio  soiliincutni'y  fonnntions: 


liOO 


50!) 


(Viyu'icou.?.— The  three  upper  eandstoiies,  the  M-asuk, 
the  Illuo  Gate,  and  the  Tununk,  are  so  n«?:irly  idBiitieol 
in  (heir  lilh'doL'ie  rliaraelera  that  I  wn*  nnablu  to  dio- 
criniiiiato  them  in  bitaliUcs  whore  their  sequence  was 
unknown.  This  was  esfioc-ially  the  ca*o  ui>m  tho  smdi- 
inila  of  Moiint.s  Cllcii  and  Pennell,  where  tliey  occur  in  a 
somewhat  niGlauioiphi».«cd  ron<lilion.  .Ml  of  (hem  con¬ 
tain  thin  bed*  of  cnul.  none  of  which  are  conlitnimta  over 
largo  areas,  and  only  one  of  wliich  was  ohserveii  of  work¬ 
able  thickness.  At  the  wesleni  foot  of  Mount  Ellen  a  betl 
•1  feet  thick  lice  nl  tho  htW'*  of  the  lUuc  Cato  aandslone. 

There  »  almost  equal  diflloulty  in  rliseriminsitiDg  the 
Masuk,  tho  Pduo  Gate,  and  the  Tununk  *haS>^.  The  first 
Ls  usually  of  a  }>ak>r  color  and  is  more  apt  to  include  arena¬ 
ceous  IsukU.  It  has  not  l>eon  Imiud  (»  enalaun  losnils, 
while  the  lower  sliah's  rarely  fail  t<i  nfford  them  when 
.wan  h  is  made.  The  Klue  Gale  anil  Tuniink  8hale.s  are 
(ypiral  oxamplee  of  fine  arvillaccous  sediiUL-nia.  They 
are  beautifully  laminated  and  are  remarkably  homo- 
geneoii*.  It  i*  only  in  fn.'sh  eaearpmcnls  (hat  the  lami- 
naliou  is  seen,  the  weathered  surface  presonting  a  siruc- 
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hut  also  to  correlate  them  wilh  some  of  the  hwls  which 
hove  been  exainineil  elsewhere  in  the  Colorado  basin. 

For  tho  pre-senf  1  atu  mialilp  to  refer  any  of  the  f  rctaceou* 
racks  above  the  Henrys  Fork  gruip  to  the  division.*  which 
h-ave  been  recogni/.cd  elmrv.here,  and  it  ia  for  lliis  irasin 
that  I  have  given  l<xal.  and  ix  rh.ai>3  icnip-jrary,  iiomea  tn 
such  beds  as  I  have  need  to  meii’ion  in  the  disew.xicm  of 
'be  elnictnro  of  the  mouiitain.s. 

The  fossil*  of  the  Henrys  Fork  group  ha^■e  been  more 
fully  cidleeted,  ami  they  h.-ive  K-cm  reieired  without 
question  by  Eb.  White  to  tho  group  of  that  name,  oa  rec¬ 
ognized  in  the  Giceii  River  basin.  Tho  whit*  pit  which 
liesa:  the  base  o(  tho  group  is  a  coniqjiriious  bed  of  uuasual 
]iei?i*lence,  and  i*  ret-ognixed  wherever  Cretaceous  rooks 
are  found  in  the  iip|ifcr  basiu  of  tho  Colorado. 

7tiro- Enos  — The  Mck  of  the  Flaming  Gorge  group  is  of 
a  peculiar  rharacler.  It  in  ordinarily  so  soft  llial  in  ibi 
m.anner  of  weathering  it  appeaia  to  lio  a  shale.  It  is 
cnjdod  30  much  more  rapkily  (ban  the  Uoarya  Fork 
coiiglonieralo  above  it  that  the  latter  is  undermined,  and 
always  appear*  in  the  toixjgrsiphy  a«  the  cap  of  a.  eliif. 
Ncvertbeleas,  it  ia  not,  strictly  speaking,  a  shale.  The 
chief  product  of  iU  weathering  ia  saiul.  and  wherover  it 
cau  lie  cxamineil  in  an  unweathered  condition  it  is  found 
to  be  a  fmc-giained  sandstone,  maaii  ve  and »  ross-lamiuatod 
like  those  of  the  Gray  and  Vomiilion  cliffs,  but  devoid  of  a 
firm  cement.  In  a  imnihor  of  liualitic.s  it  has  iicqiiired, 
locally  and  H.  eiden'ally,  a  eoiuent,  and  it  i.*  there  hardly 
di.siii^uishal)lc  iroui  iho  firmer  sandstones  w hich  underlie 
it.  In  the  imnicHliaUj  vicinity  of  the  Henry  Mounluius  it 
varic-s  little  except  in  color  from  summit  to  base,  but  lu 
other  lotaJilics  not  fur  diatanl  it  ia  inlemiptod  near  the 
lase  by  tliick  beds  of  gypsum  and  gypaileroiui  ebys,  and 
by  a  seclLlc,  fix>siliferoua  limestone. 

Tho  Gray  Eliff  and  Vennilion  Cliff  sandstones  arc  oilea 
difficiai  to'distingnish,  but  (he  latter  is  usually  the  firmer, 
standing  in  hidd  relief  in  Ibe  topography,  with  level  top, 
aud  at  its  edge  a  precipitous  face.  The  former  is  apt  lo 
weather  into  a  wilderae**  of  domelike  pinnacles,  so 
steep  aided  that  tbey  can  not  often  be  staled  by  the  experi¬ 
enced  niounlainecr,  and  separated  by  narrow  elcfis  which 
are  equally  impassable. 

Tlio  odors  of  tho  two  sandstones  arc  not  iuvarialdo. 
TIic  lower,  which  although  ni>t  reddened  ihroiighnut  its 
mm.s  is  u.sually  stained  upon  it*  iurfaee  wilh  a  uniform 
deep  color,  appears  in  Mount  Ellsworth  and  at  other 
points  of  elevation  W'i'h  a*  palo  a  lint  a.*  that  of  the  Graj 
riifL  Thu  lal'cr  .santlstone,  en  tlio  oUier  hand,  whers  it 
lies  low,  is  often  deep  In  cohir  as  the  Vermilion.  Sland- 
iug  iijion  one  of  the  summits  of  the  Ilenry  Mountains  an 
looking ^^^tward,  I  found  uiuiblo  to  dLstingnUH  t  c 

Gray  Clift  sandstone  by  color  either  front  tho  lower  part 
of  the  Flaming  Gorge  giMiip  or  from  the  Vermilion  ^n 
stone.  The  bleaching  of  the  redder  sandstone  in  Mount 
Ellsworth  is  probably  a  ri'sult  of  metamorphism;  the 
dening  of  tho  gray  sand.stoiio  may  depend  on  the  hydration 
of  the  iron  which  it  contain.*. 

The  thickui'M  of  individual  slrata  in  these  great 
stones  is  rcjuarkable,  and  is  one  of  tho  elements  w  c 

'  ....  «  tUn  nfykl>- 


naliini  uj  tUo  wpal heron  s\intco  prewnting  a  struc-  *vonca  v  reniAricahle,  ana  is  »no  oi 

(iirole«  clay.  The  fossiln  of  thre^  (shaU*H  are  so  nuDxrrr>us,  '*  taken  into  aeoount  in  the  dwciissitiu  o  t  le  p 

_ I _ _ 1 ...  1.....  .......I.*  ...i _ 1  ......i; I  .c.*  ...  .  I  lAm — *«  mv  mi., /I  i«  vnf.  unsolved — *jf  thU  mS 


when  they  h.ive  Iwn  sought  out  and  stmlied,  that  thej' 
will  probably  serve  not  merely  lo  discriminate  tho  two 


>Op.  cU.,  |i.  s. 
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loin — which,  to  my  mind.  Ls  yet  unailved — of  the  mannW 
lu  which  such  immei'jie  qn.anlities  of  homogeneous  san^ 
were  accumulate*!.  Ordinarily  the  depth  of 
iudcfmablo,  on  account  of  the  impossibility  of  du  m 
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stralificatirtii  from  loniiiiatioii,  Init  when’,  as  in 
ihis  ca«,  the  laminatniii  is  oMiquo  to  iho  slmlifu’ation. 
(be  upper  and  lovrer  limits  of  each  str:k(itra  oro  dul'initely 
nurk^.  r  have  at  several  points  nivasiirryi  single  strata 
»ith  lliii’knt'iaea  of  aisjuc  60  feet,  and  near  \VBtfrp:s;kei 
Ctavon  a  sinitnni  of  Verniilioo  (.lift'  sandstone  was  iminJ 
tobelOofeot  thick. 

One  oilier  mcaanrement  is  w'orthy  of  record;  the  indi- 
nition  which  oliliqiie  lamination  hears  to  (he  plane  of  tUt 
fliaiiiiD  iu  which  it  oecum  appears  to  have  a  definite  linii!. 
Tbe  maximum  of  a  series  of  mensiimiionls  uiatle  at  poinia 
where  la  tho  eye  tho  dip  .seemc-d  to  he  umieiially  great 
b24®. 

CarJoniyiTtiiM.— Bonealh  the  .Iura-Triasi.4  the  Carlwnif- 
0MIS.  A  few  hundred  feet  of  its  upper  member,  the 
Atbrey  sandstoue,  are  expo-sed  near  the  summit  of  Mouut 
Ellsworth.  At  that  point  the  sandstone  is  alicrcd  to  the 
cgodilioii  of  a  quartzite,  but  where  it  ia  ru!  by  the  upper 
tod  lower  canyons  of  the  Dirty  Devil  River  it  is  massive 
tod  ercts-laminalcd,  differin"  from  Iho  Gray  CUifsand- 
iluoe  ohielly  in  the  abundance  of  its  calcaroons  cement- 

The  following  table  sliows  the  probable 
correlation  of  the  formations  of  the  Henry 
Mountains  w^ith  those  of  southwestern  Colo¬ 
rado: 


Correlation  of  forouUiont  in  Henry  fountains  u  ilh  those 
of  ao>Uh western  Colorado. 


Age. 

SoutliwOTtoru  Colorado. 

Henry  Moun- 
taino  (Gilbertl. 

Cretaccoas. 

Mqdcos  shale. 

ufasuk  8.10(1- 
stone, 

Masuk  shale. 

Blue  Gate  s;ind- 
etone. 

DliieGato.shalo. 

Tunuuk  Maud- 
stone. 

Tununk  shale. 

Dakota  saiidstono. 

Honrys  Fork 
group. 

Jniiaslc. 

kfcEliuo  foriuatiou. 

Flaming  Gorge 
group. 

Ia  I’lata  (auidutone. 

1 

rrmyr.liftg:roup. 

Triwaic. 

Dolores  formation. 

Venniliou  OKfl 
group. 

j 

renaian(?). 

I  Cutler  for¬ 
mation. 
Rico  for¬ 
mation. 

Shinarump 

group. 

Pennsy  1- 
vauiiin. 

Hermosa 
formation.  | 

Anhrey  and- 
etone. 

35416*— to - 40 


According  to  Gilbert  the  sedimenturj'  series 
sliows  Ilf)  iiiiconforinity  of  dip,  but  crosioiml 
unconformities  are  determined  at  tlic  top  of  tho 
Aubrey  group,  liencnth  the  Sliinarump  con¬ 
glomerate,  and  lit  the  base  of  tho  Vermilion 
CliJV.  No  unconformity  is  recognized  at  the 
close  of  the  Jurassic,  but  the  presence  of  such  a 
break  at  otlier  localities  in  the  Plateau  region 
and  tlic  presence  of  a  conglomerate  member  at 
the  base  of  tho  Cretaceous  suggest  such  an  un¬ 
conformity. 

IGNEOUS  ROCKS. 

PETHOGRAPHY, 

A  collection  of  the  typical  igneous  rocks  was 
made  by  Gilbert,  and  a  miero-seopio  desenp- 
tion  by  C.  E.  Dutton  was  publisli^  in  his  re¬ 
port.*  Later  descriptions  of  tlie  rocks  were 
published  by  Cross.-  The  writer  wuis  unable  to 
make  a  systematic  study  of  the  rocks,  and  the 
following  statements  concerning  their  petro¬ 
graphic  character  are  taken  principally  from 
the  publications  named. 

Intrusive  rocks  occupy  the  central  portion  of 
the  mountain  masses  in  aU  tho  peaks  of  tiio 
group.  In  Mount  ITillers  the  higher  portion  of 
the  peak  i.s  composed  almost  entirely  of  igneous 
rock,  nud  iu  most  of  the  other  peaks,  though 
sedimentary  i-ocks  are  more  abundant  even 
in  the  higher  portions,  they  arc  cut  by  numerous 
intrusive  bodies.  Afewintrusivc  bodies  outcrop 
on  the  flanks  of  the  gi-oup.  One,  which  cups 
a  butte  south  of  Tiaclnle  Creek  and  northeast 
of  Mount  Hillers,  might  readily  bo  mistaken 
for  a  lava  flow’^  but  has  been  shown  by  Gilbort 
to  bo  intrusive  and  bus  been  described  by  him 
ns  the  Howell  laccolith. 

The  tj'pical  rock  of  the  larger  masses,  so  far 
as  observed  by  the  wTiter,  is  a  gray  rather  fine 
grained  gi  anitic  rock  that  shows  distinct  phono- 
crysts  that  are  rather  prominent  on  tho  weath¬ 
ered  Bin-faces.  Tho  prevailing  phcnocrysts  are 
plngioclase,  those  of  hornblende  are  much  less 
numeroas;  and  some  of  magnetite  and  tiUnito 
can  bo  rootlily  detected  with  tho  baud  lens. 
Float  w'us  obsei-ved  at  several  localities  where 
tho  porphyritic  character  was  much  more  pro¬ 
nounced.  Tho  porphyritic  crystals  Inking  largo 
and  the  groundmoss  rather  fine,  the  relation  of 

lOUlwrl,  O.  K..cp.cU.,p.  W. 

tCms,  Whitman,  Ooolojy  o(  rAadvUk;  f.  8.  CcuJ.  Kurmy  Jloa.  H, 
p j>. 8511-MS.  t*W;  TholaofollthJc  mountain  |troiip«olCpkirarfi.>,l'!ah,  and 
-Arboiin:  U,  S.G«oLSurvay  FoartoonUi  .\nn.  Repl.,  pt.  7,  p.  ITS,  HOT. 
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tills  •‘liinl's-ryd  jiorphyrv’'  to  tlio  iiorinnl  jjor- 
[ihj'w  wiis  rni(  ciOsorvod.  In  sonin  of  tho 
simillcr  (likes  hikI  sills  tho  gi'oundinass  is  voiy 
lino  pi'uincd  imd  tho  porphyi'ilio  charactoi'  of 
tlic  rock  is  more  pronounced,  tho  color  is  much 
diirkiM-,  niid  (ho rocks  roscniblc  a  dense  lava  and 
arc  soniel  imes  niistiiksni  for  eruptive  rcK’k,  asin 
tho  case  of  t  he  J  lowell  ia.('colith, 

MinerRlogiciiily  the  rocks  show  u  marked  rc- 
senihlance  tlirougbout  juid  are  douli<les.s  to  bo 
coi)si<lcnal  as  of  a  common  (j'pe.  Dutton 
designated  (he  rocks  as  trachytes,  fiut  (heir 
ininera!  coniposil.ion  is  (}’|)ieiil  ol  (he  tj'p<'  now 
called  (pmrtz  monzoniLe  or  giaiuxliorite,  and 
they  may  he.  properly  ealled  (piartz  monzonite 
por[di\'rv.  though  some  ol  the.  rock  corresponds 
more  nearly  to  grunodiorit.o  porphyry. 

following  pct.rogra[>hic  description  of 
tin'  rocks  wa.s  wriM.('ri  by  Cross'  trom  a  study 
of  Iho  s[)c<;imeris  collcctcvl  by  Gilbert  : 

Tlio  rock  collection  iniidc.  by  Oilbcrt.  is  now  repreaoiitcd 
in  Ibo  (tiiited  SUitw  Niitioiiul  Mnhoiim  by  Bjxjcinicns  from 
ntjoiit  aOdiffwonl inaf«(H.  They  rciirctenl  larj;o  and  small 
luc'coliTha.  shcois,  and  dikes,  mid  conic  from  all  parts  of  llic 
p^up.  Ah  a  ruin  but  one  spccimon  was  collected  from 
each  Iliads,  but  (ho  untforinily  of  llicso  rocks  isivo  griml  tlml 
in  nioHt  enw  H  the  averaRc  of  iho  inuj-s  is  no  doubt,  fairly 
ri'iirfMiMilod  by  tho  single  spcriiucn. 

Ah  was  indicated  by  Dutton’s  cxamiiiution.  llicre  if 
practically  but  a  Hinkle  na-fc  t yiK*.  It  is  a  ho!rKrr>»(ullinc 
IHirphyry,  rharaclcti/cd  by  pbcuocryfis  of  i-lajjioclaso, 
witli  hornblende  or.nijriui,  and  by  a  ^miular  ;iptiuaduiafs 
animHtiiiit  cbielly  of  ortboclafc  and  tpiarU.  Jls  gniimlar 
iHpiivalont  would  boa  rpiart/.-lK-aringdiorito,  and  il.s  lava 
form  would  bo  andesite.  B[>iiroarliiiii;  dacito  in  some  cssca. 
Tho  rock  i.a  what  has  hitiiorlo  boon  called  jx^rphyrite  by 
Amoricnii  pclrogniphcrsand  by  some  Kiiixijh-suis. 

Tho  group  is  <'H]ic<  iully  chnraclerir.cd  by  itn  UDiform 
poqihyriticstriict.iiro,  AraougtJin  phcnocryHtspl.agirxli.'io 
is  always  I  ho  dominant  mineral.  UmviirsinstoiitcryslAls 
iisiinlly  between  I  and  4  millimcTcrs  in  longth  n  iih  n  few 
fomewhat  larger  on-s.  ttccasioiisdly  the  average  size  is 
nearly  5  mininioiers,  but  iiitwo  frc<)uontly  it  is  lc!«  Utrji  3 
milliniolcrH,  llornblcndo arid  aufintc  aro  stiiallcr  than  the 
pbigioclnso  in  gcncniJ.  with  a  tendency  of  the  former  to 
develop  hero  uud  thoro  in  prisms  I  centimeter  or  more  in 
lotiglh, 

N'oiuly  nil  of  thn  rocks  are  hnriihleridic  without  citlu-r 
augile  or  biotiic.  In  four  of  them  nugiti?  replaces  niofl  of 
hornbloiido  and  in  two  olhers  is  present  in  subordinnle 
amount  Itintite  is  a  minor  constituent  of  n  siiiple  rock. 

Quart/,  phonoerystf.  always  more  cr  loss  rounded  by 
rosnqition,  wore  iilwixeil  in  eight  nveks.  and  arc  no  doubt 
sporadically  prcKoit.  in  nearly  all  of  them.  Orth<x>UK- 
pheiiocrj'fi.s  are  ileYeloi>e<l  simringly  in  two  rocks,  but 
these  aro  not  to  bo  coniparrsl  with  the  larp'  crystals  occur¬ 
ring  ill  fomo  types  to  ho  described  frjm  other  groniw. 

iCr-as,  Whltiiiiin,  l.rhsollllnr  iiiiiiiiilnlti»  rt  Culotuhe,  flat),  iied  Art- 
tooa;  I’.  3.  Siinoy  iV'onwnih  \rm.  nrtit.,  pi.  2.  p,  173  i.ssi. 


Oarnet  appears  scattered  irregiilirly  ihrougii  two  of  iha 
siieciniims. 

The  ground  muss  Ls  typically  granular  in  the  grcac  mn- 
jorily  of  e.iscw.  and  cnn.d.si.s  inos-f.  naturally  of  ((uaii/  and 
(irtJin<'!a.'e.  As  ()Uiirli  <Ie(:Ti:-as<:>s  tlie  cvenncfs  of  gr.iin 
diininblifr,  and  in  the  fcldsjiatbic  ns'ks  the  grains  aro 
clnngtitcil  in-xlciul  of  exhibiting  even  tlii  nonfious.  I  f  plagi- 
ncliws.'  criters  itdo  the  ground iiia-e<  it.  i.s  in  microlitic  form. 
The  fiuartz  i.s  clear  and  distinct  from  the  |•.lor^''  or  (ess 
clouded  orthriclate,  except  in  the  fincr-grainwl  rocks.  \ 
tendency  of  the  (pmrtz  to  form  nidc  dihcxahcilnil  rryslals 
is  often  s<?en.  Micr«[>ognintitic  strurtiires  are  entirely 
absent,  fa  two  ctisrH  a  r<atcli  or  micropnikilitic  stnicture 
is  imporfeotly  developed. 

The  average  size  of  tho  givnmdina'a  giviins  is  between  0.02 
and  O.O'I  millimoter  for  niori*  than  half  the  rocks.  In 
another  large  division  tiie  groundniass  is  cry  plocrystalliuc, 
though  never  far  below  the  limits  of  probable  identirir,v 
lion.  The  Rver<igo  giuin  riw-H  above  0.0-1  milliinetcr  in  but 
thrcQ  rocks,  and  never  rr-.ichu«  0.1  inillinieter. 

The  mieroscnpic  acccssnry  constituents  arc  apatite, 
ningiuHilo,  and  zircon,  in  tbeiiHiial  dctvolopment;  tiuniic, 
very  churiicierisl.ic  of  a  large  minibcr;  and  allanile.  >een 
straringly  in  five  rocks.  Magnc'titc  often  occiijs  in  two 
gonenitioTW — in  large  plienocry.-.ti(’  grains  and  in  ininnta 
ones  belonging  to  (he  groundmass. 

D-l*tribxition  of  lifpi*. — The  difioronl  mountains  and  dif¬ 
ferent  kinds  of  ciceurroiiri^  arc  quite  evenly  reprt->s?ni(Hl  in 
the  collection.  Eight  .wo  from  large  !norolit(^,  Ibrec  from 
small  ones,  eight  from  sheets,  ai»d  nine  from  dikiw, 

The  Biigite-porphvTitca  arc  all  from  .Mount  Pennell  or 
Mount  nillers,  hut  honiblendic  rocks  upp.irently  pre- 
doniin.sto  in  both  iiinuntains.  The  augitic  types  are 
iruvinly  frriin  theels,  but  it  is  po.-udble  that  the  main  Hillers 
l.iccnliio  is  of  this  rock. 

Aa  to  the  grrin  of  the  rocks — the  crypUitTj  sUdline  forms 
are  all  from  dik<^,  mainly  in  .Moiintt,  Ellsworth  and 
ITolineH.  The  average-grained  reek  orcurs  in  laccolites, 
shecta,  and  dikes.  The  three  coarser-grained  ones  come 
from  dikes  or  shecta  in  didorent  mountains. 

The  observations  then  confirm  tho  conclusions  of  Dutlen 
that  thciic  specimens  indicate  no  differences  of  composition 
orBinititiro  corrrwponding  cithor  togeognuihicalorgeelogi- 
(  a1  di.Hiribu(  ion  or  to  the  size  or  form  of  lire  intruded  massts. 
Tho  collection  is  of  course  not  largo  enough  to  permit  of  a 
pcsilivc  statement  that  no  corre-pondence  b(?twoeri  oecur- 
reuce  and  charactcri.-’tics  of  any  kind  exists  in  tho  Ite.nrj' 
Afountains,  but  it  does  clearly  prove  that  ctTt.iin  gcneitili- 
zalions  con  not  b<7  mode. 

Three  anal3'3e3  of  tho  intrusive  rock  i^f  the 
Henry  Mountains  nrc  given  on  page  94. 

AGE. 

The  age  of  the  intrusive  rocks  from  direct 
evidence  can  only  he  detern lined  us  later  than 
the  Cretaocous  sediments  which  (hey  intruile- 
Xo  Tertiary  sediments  are  present  in  the 
rieinit\'  of  the  Ilenrj'  Mountains.  From  aeoo- 
.sideration  of  the  depth  at  which  the  laccoliths 
aro  stipposed  to  have  formed,  Gilbert  *i\V^  that 
"what  evidence  wo  have,  then,  indicates  that 
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tho  epoch  of  laccolitic  inlruijioii  was  after  the 
iiccumulntion  of  deep  Tertiary  deposits  luid 
before  the  subsequent  deffradatiou  had  made 
i»reiitorog;i’ess ;  that  it  was  at  or  near  the  close  of 
(be  epoch  of  local  Tertinry  seilinicntatioii.'' 


I  nllei'atiou  product  of  other  minerals.  At 
soceral  points  around  tlie  mountains  pieces  of 
.loat  containing  contimt  niinoruls  were  ob¬ 
served,  and  it  is  evident  that  considerable  con¬ 
tact  alteration  accompanied  the  intrusion. 


srni  cri  UK. 


*  Tho  elTcc.l  of  tiie  intnisive.  bodies  on  the 
Bdjaceut  si’dimeiits  is  (lcseri!)ed  by  Gilbert  as 
follows : 

tnfffvr  the  tiachyto  came  iu  c«nto<  l  wiOi  Ihc  .fifli- 
Kentoriiw  the  latter  were  more  or  altenxl.  liirge 
IkJim  oI  ’.Mchyte  prodiicot  greaU’r  chanees  Ih.an  small. 
Thf  laccolillis  Icjth  metainorphosvxl  tli-ir  vralln  ainro  com- 
pltfioly  will  rarried  tboir  iritliience  l.'>  a  gn-atoi  distance 
()i*a  tlie  jhenta  ivnd  dikes.  The  Miiiiimits  of  the  Uccolilbs 
Wi  a  greater  inftuonce  than  Uie  a  phcRumoaoii  (•> 

rrhifli  I  shall  have  occiisL>n  to  revert.  The  aandstnaes 
wre  U-w  affected  than  iho  ehaU^,  at  least  in  such  eharnc- 
k't*  as  madily  catch  tho  eye.  Clay  shales  wci-e  iadiiralod 
»ias  10  clink  under  tho  hanimor,  and  (‘apt.  DuUcm  disoiv- 
rrwl  iriih  the  microscope  that  mi  auto  crystals  of  feldspar 
lad  been  developed.  &indMtono3  were  usually  tnodifieU 
:a  color,  and  their  iron  was  eegregatod  so  as  to  give  a  lunl- 
’.led  or  speckled  appearance  h'  the  fracture.  They  Wem 
indurated,  hut  iho  granular  texture  vrue  iclwaja  retained. 

Tbri  trachyte  carries  aumeroUH  small  fr.tgmcnte  of  serli- 
menUry  toi^k  broken  apparently  from  its  walls,  and  these 
areajthomngljly  crystalline  a.s  thi-h-  nia'-rix. 

The  alien'd  rocks  are  iwiially  jointed,  lint  nothing  ap- 
rwit'hing  to  slaty  cleavage  was  scam,  uor  ban  there  l>c«n 
•ay  crumpling. 

ITjb  rrcipror-al  inllucnce  of  tho  aanilstooe  and  shale  upon 
die  trai’hylo  was  small.  .Specimens  hrokon  frsn  the  eon- 
toi  l  nurtoi  o  of  a  laccolith  and  from  it*  interior  can  not  ho 
dhtingiiiiiherl.  In  the  Marvino  laccolith,  however,  there 
K  »  different^'  hetween  the  exterior  arid  interior  p-.wtions 
in  '.heir  ability  to  withstand  enwiem. 


Or  the  ridgo  e.vtcailing  from  Mount  I’cnnell 
t  ’wnrd  Mount  Ilillors  rather  .notable  contact 
nlfcrutiou  was  noted.  Block.s  of  shales,  shaly  : 
sandstones,  and  apparently  some  sediments  ! 
rutlior  rich  in  lime  carbonate  am  partly  | 
uicloaed  in  tho  inonzonito  porph^Ty.  The  i 
shfllc.i  have  been  rafJicr  highly  indurated,  and 
the  calcareous  sediments  contain  abundant 
contact  minerals.  Epidote  is  tlic  most  nbun- 
dnnt  of  those;  garnet  and  a  green  nmphiladc 
•hd  probably  other  silicates  arc  present;  siiid 
hiagnctito  mid  spccuhirilc  occur  in  sinull 
*"h)unt.  Some  pyrite  is  present,  and  the 
•■htlicr  ahundanf,  limonite  indicates  that  it  runy 
have  been  nitlicr  plcntifnl.  .Small  fissures  in 
the  monzonite  porphyry  near  the  altered  .sedi- 
®(‘ntarA-  rocks  also  contain  contact  minerals, 
‘Totably  epidote,  and  the  porphyry  rock  adjn- 
to  the  contact  contains  epidote  ii.s  an 


The  general  structural  relatioas  of  tho  Homy 
Moiinlnius  are  relatively  .simple.  They  are 
laccolithic  inountaiiLS  and  arc  usually  referred 
to  os  the  type  of' (his  structure  on  account  of 
Gilbert's  o.hussio  description  of  them,  in  wliicli 
tlic  term  was  first  apiilied,  though  t  lie  general 
structural  relations  of  such  moiiutairis  Imd 
been  nseertuiued  some  years  earlier  from 
studies  of  similar  mountains  in  Utah  and 
Colorado. 

Tho  simplest  form  of  laccolithic  niomitain 
is  produced  by  tiio  iiitnision  of  igneous  mn- 


Fiuvte  72.— IUvjI iTWJ sKirtlon  ul  &  liwcolith,  wlUi  -.lireta 

iind  clllii’i.  .\ rccr  Ollltert. 

teri.'d  I'.iroug’ii  a  fissure  till  it  readies  a  liorizon 
favorable  for  its  extension  laterally.  Such 
conditions  may  result  from  tho  jirescnce  of  a 
body  of  shale  through  which  tho  fiasiiro  docs  not 
pass.  A  slratigrafihic  break  may  also  favor 
lateral  movement.  Tho  material  moving  out¬ 
ward  tends  to  form  a  liody  with  n  rhvular  out¬ 
line.  A.S  more  material  is  added,  the  pre.ssure 
from  below,  transmitted  through  (ho  fluid 
ma.«s,  lifts  the  overlying  strata  to  muko  room 
for  additional  material  and  eventually  forms 
a  distinct  dome.  (Sc'o  lig.  72.)  The  arching 
of  tho  strata  would  naturnlly  fis.siirc  the  up/ier 
portion  of  the  dome,  and  the  igneous  material 
would  occupy  such  fissures  and  form  diked 
such  as  are  common  in  the  mountains  of  this 
group,  notably  in  Mount  Ellsworth,  ft  is 
readily  seen  that  though  the  typical  lacoolith 
is  of  simple  struc.ture,  tho  igneous  matcriol  is 
likely  to  spread  out  at  different  horizons  and 
to  produce  a  great  comple.xity  of  biccolillu*, 
.silLs,  and  dikes,  and  such  is  tlie  case  in  many 
places  in  the  Henry  Mountain.s.  (See  fig.  73.) 
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Tiie  acconipanying  clingrani  shows  the  hori¬ 
zon  of  the  laccolitliic  bodies  of  tlie  tlifTerent 
peaks  and  the  number  lliat  Gilbert  dctcrmiiu'd 
for  ouch  peak. 

'I'ho  peaks^  as  they  exist  to-day,  are  tlie 
result  of  erosion.  'Fhe  ignc»)iis  rocks  forming 
the.  laccolitliic  bodies  are  more  resistant  to 
weathering  and  erosion  than  f.lio  surrounding 


M.~al  M«uH  Jtfr—t  .y*"*"'' 

HIImi.  IVn»''l.  ntIVt. 


Pkukr  73.— niagiTiia  itiawluf  0.0  wrUrol  duarlboac  n  of  iht  ImvIIIIio 
of  111#  n«iry  Uoiuiuatu.  Triaa^KH  raork  Ibe  huiltuiu  of  drtermlnMl 
Isc..-»ilhb«  ftiid  emtsM  niortc  (ho  horUoiu  ahoxo  o  bth  the  iUTiaOilr 
hmoiaiHton  nolrla*.  AflrrOinicrt,  I,  .Mojok  auMtilniw;  2,  Mi». 
»u'<  3,  nine  Onto  sandetono;  4,  Itluo  Calc  shale;  4,  T^iiunk 

(aoda.ine;  4,  'I'ununk  thole;  7,  Urary'i  Fork etmthnnemlo; «, F l«a- 
lu(  Qorso  »h«l»;  #,  Qtny  (mu  omdulonc;  10,  Vcnnllloa  Cim  eond- 
nlmie;  11,  8liliiaruu[i!iloilo;  12,  Aubroy  eant'.slieio. 

sedinientaiy  rocks  and  huvi>  conscriuentlv  worn 
awuv  less  rapidly. 

HISTORY  AND  PKODUCTIOM. 

The  first,  lode  deposit  to  be.  discovered  in 
the  Tfenry  Mountains  tliiit  proved  of  any  con- 
seqiipiico  was  the  Broniido  vein,  which  is  said 
to  have  been  discovered  in  188!)  or  1800  by  the 
partnei-s,  J.  C.  Suiniun'  and  Jack  Butler. 
Active  development  of  the  mine  was  carried 


on  in  ISOl,  and  a  stamp  mill  was  built  and  oper¬ 
ated  intermittently  till  the  following  siiinnicr. 
The  mine  was  closed  in  1S03  and  remained 
idle  till  1902,  when  it  was  reopened  and  made  a 
small  i>roductioD.  fn  1913  it  was  idle  and  had 
been  for  some  time.  The  .Ending  of  the.  Bro¬ 
mide  vein  stimuliited  prospecting  in  the  region, 
and  several  small  veins  wcrodi.'^e.ovcrcd  and  pros¬ 
pected  to  some  e.xtent.  Nc.vt  to  the  Bro¬ 
mide  the  most  extensive  development  bus 
been  on  the  Oro  prospect.  \  one-stamp 
mill  was  eiT,cted  and  some  ore  treated. 

Interest  in  the  curnotite  deposits  of 
Colorado  and  eastern  Utah  resulted  in 
prospecting  for  similar  ores  in  the  Henry 
Mountains  region  in  1912,  since  when 
numerous  deposits  of  uranium  and  vana¬ 
dium  ore  have,  been  located. 

F or  several  years  there  has  been  a  smnU 
gold  production  from  the  channel  of  Cres¬ 
cent  Creek  and  from  the  benches  near  its 
head.  Placer  gia\'cls  along  Colorado 
lliver  near  the  base  of  the  mountains  arc 
described  on  page  !)37. 

The  metal  production  of  the  rogior.  is 
not  knowm  hut  has  not  been  lai^e.  It  i.s 
reported  that  the  Bromide  mine  produced 
about  815,000  in  1892  and  a  little  more 
.since.  The  uranium  and  vanadium  ores 
were  shipped  from  the  district  in  1913 
and  1914,  but  there  has  been  little  shipped 
•since  the  0[)ciiiiig  of  the  war. 

ORE  DEPOSITS. 

HKPOSITS  l\  OR  CLOSELY  AS.SOCLATED 
WITH  LVTUUSIVE  ROCKS. 

VEINS. 

The  fi.ssnre  deposits  iii  the  igneous  rock  arc 
prevailingly  gcild-copper  deposits.  Tlie  area 
most  extensively  prospected  and  apparently 
most  promising  is  near  the  head  of  Crescent 
Creek,  in  the  general  vicinity  of  the  Bromide 
and  Oro,  the  only  mines  that  have  been  pro¬ 
ductive. 

Bromide,  mint. — The  Bromide  vein  is  lyiiieal 
of  the  group.  It  outcriips  about  9,000  fet't 
above  sea  level,  strikes  a  little  east  of  north, 
and  dip.s  voiy  steejily  west.  It  has  rather 
well-defined  walls,  the  distance  between  wliioh 
vnrii.'s  greatly  along  both  the  stnkc  and  the 
dip,  in  places  coming  nearly  together  and  m 
other  places  separating  to  a  width  of  4  feet  or 
more. 
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fractures  that  cross  the  maiji  vein 
Brtrlv  *t  eight  imglcs  appear  ns  a  nile  to  have 
Jjtii  iitUo  olTect  on  it.  ITiere  has  been  slight 
moTcmcat  in  sonic  of  lliem,  ami  it  is  said  that 
one  small  cross  vein  contniuing  nnicthyslinc 
quarts  was  rich  in  gold  w'hero  it  crossed  the 
main  vein. 

The  vein  tilling  is  very  largely  breccia  ted 
wall  rock  that  has  been  slightly  altered  by 
the  ore  solutions,  some  vom  qii.nrtz,  nml  a 
fibrous  wliitc  mine.ml,  mainly  laumontite 
though  jiossibly  containing  other  zeolites. 
The  principal  primary  metallic,  minerals  arc 
pyiite,  cluileopyritc,  spceiilarite.  magnetite, 
and  ilmcuite.  The  magnet  ite  and  ilincnito  mn}" 
not  be  true  vein  minerals  but  may  have  been 
oiataineil  in  the  original  quartz  inonzonite. 
.4  sample  of  mill  concentrates  contained  a 
large  percentage  of  magnetite,  a  lessor  araoimt 
of  rather  fwbh’’  magnetic  material,  and  a 
rtsidue  largely  composed  of  sulphide  and 
copper  carbonates.  Native  gold  contributes 
most  to  the  value  of  the  ore. 

The  wall  rock  in  and  adjacent  to  the  vein  has 
been  aoiuewhat  alU^'rcd.  The  freshest  quartz 
monzonite  in  the  vicinity  of  the  vein  shows 
a  shght  sceoudary  development  of  ejndotc  and 
carbonate  and  a  little  pyrito.  fn  the  vein  the 
feldspars  have  been  partly  scricitized,  the  horn¬ 
blende  partly  jiltcrcd  to  cldorite,  which  has 
tlso  been  deposited  in  open  sp.accs  in  small 
spbcroidnl  masses.  The  alteration  of  the  wall 
rack  has  been  in  most  places  compamtividy 
di^hl.  I'o  the  depth  of  the  tunnel  level  the 
mm  have  been  partly  o.vidizcd,  the  sulphides 
alteiing  to  o.vulcs  of  ii’on  and  carbonate  of 
fopper. 

The  mine  has  henu  opened  by  a  tunnel  about 
330  feet  long  comiccting  w'ith  a  shaft  at  a 
depth  of  about  125  fe«t.  A  winzo  has  been 
sunk  60  feet  below  the  tunnel  level.  The  vein 
been  developed  on  tho  tiiimel  level  for 
porhftjw  200  feet  and  has  been  sUiped  on  difler- 
ciit  levels  from  the  tunnel  level  to  tho  suiface. 

reported  that  ore  is  present  in  the  bottom 
uf  the  winze,  hut  at  the  time  of  visit  this  was 
fillcil  with  water  and  could  not  he  examined. 

I  A  crosscut  tmmel,  started  from  Crescent  Creek 
Dear  the  mill,  will,  if  extended,  intersect  the 
dawnward  extension  of  the  plane  of  the  vein 
•bout  400  feet  below  the  present  tunnel  level. 

I  face  of  tho  crosscut  tunnel  w.as  about 

fact  from  tliis  objective  point  in  1913. 


Exact  figures  of  the  average  grade,  of  the  ore 
are  not  available,  but  Frank  Bennett  estimates 
that  the  ore  milled  yielded  $10  to  SI  I  per  ton 
on  the  plates  and  that  an  additional  amount 
was  obtained  from  the  concenfTates.  Tlic  mine 
is  cquipjiod  with  a  five-stamp  mill  with  amul- 
gfimation  platre  and  a  WUftey  talile. 

Cnpnnn  claim. — On  the  Cupnun  claim, 
a  short  distanco  east  of  tho  Bromide  vein,  a 
magnetite  vein  strikes  about  nortli  and  stands 
nearly  vertical.  Whore  examined  in  an  open 
cut  it  had  a  maximum  width  of  about  IS  inches 
with  small  stringei's  extending  tlirougli  the  ad¬ 
jacent  quartz  monzonite. 

The  vein  mineral  is  principally  magnetite 
(lodcstone)  with  a  small  amount  of  quartz  and 
co[)per  carbonate.  A  large  part  of  (he  copper 
minerals  are  associated  with  tlio  quartz  and 
have  probably  !)een  derived  from  sulphides  that 
may  have  been  deposited  most  abundantly 
with  tho  quartz. 

'Hio  wall  rock  lias  licen  alten^d  in  a  manner 
similar  to  tliat  of  tlic  Bromide,  vein,  though  hi 
the  specimens  examined  alteration  appeared 
more  intense  in  the  magnetite  vein. 

Tho  ore  Is  said  to  carry  .S4  to  $5  per  txm  in 
gold,  and  some  of  it  contains  notable  amounts 
of  copper  earbonutc.  'Hie  ore  containing  most 
copper  is  said  to  be  richest  in  gi>ld. 

Oro  mine. — The  Oro  mine  is  on  the  oppo.site 
side  of  Crescent  Creek  from  the  Broanido  and 
at  a  shghtly  lower  elevation.  The  vein,  w'hich 
strikes  nesrly  north  and  dins  steeply  west,  is 
similar  to  that  of  the  Bromido.  It  has  been 
developed  by  several  hundred  feet  of  t  unnel  and 
a  shaft  about  70  feet  deep.  .Some  ore  has  been 
milled  at  a  one -stamp  mill  on  Crescent 
Creek. 

Other  claims. — Other  veins  in  the  same  region 
are  said  to  be  similar  in  character  hut  have 
been  but  slightly  prospected.  There  has  been 
a  little  prospecting  on  the  east  side  of  Mount 
Pennell  near  the  head  of  Straight  Creek,  'flio 
mineralization  has  been  along  fracture  zones 
in  the  porphyry.  At  the  surface  it  consi.sts 
principallv  of  oxides  of  iron  and  carbonate  of 
copper. 

On  the  Baby  Ruth  claim  small  in-cgular 
fissures  in  the  porphyry  have  been  prospected. 
ITid  porphyry  is  rather  fine  grained  and  in  the 
vicinity  of  the  fissures  has  been  slightly  silici- 
fied.  The  gold  is  apparently  in  small  voinlots 
of  limonite  that  ramify  the  brecciated  por- 
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phyry.  Some  of  tlin  .me  Is  said  to  be  high 
gmde,  but  tiif.  average  is  l..w.  Au  .mnslre  on 
Straigbt  (^reck  about  2  miles  below  the  mine  is 
said  to  iiave  treated  a  few  tons  of  ore. 

A  litt  le  prospect'mg  has  been  done  on 
Hillers.  The  prospects  were  not  vi.sitod  by  tlic 
writer,  Init  from  dcseripl ions  they  aiipear  to 
1)0  similar  to  the  copper  prospects  of  Straiglit 
Creek. 

CONTACT  DEPOSITS. 


A  iitl  le.  prospecting  has  been  <lone  in  the  con¬ 
tact  deposits,  especially  in  those  on  the  ridge 
extending  from  Mount  Pennell  toward  Mount 
Hillci-s.  Irregulur  blocks  of  the  sedimentary 
rock,  mainly  shales  but  in  part  evidentu  ciil- 
cjireous,  rest  on  (lie  quartz  monzonite.  In  the 
calcareous  meiiilmrs  Bbuiidant  eont-oct  silicates, 
mainly  of  n  yellow-green  epulotc  lait  also  con¬ 
taining  ainpliilsilo  and  gamot,  have  dovolonod. 
P>Tito  was  soon  In  some  KiH'timcns,  and  the 
ninount  of  limonite  in  plnc4si  suggests  that 
sulphides  were  originally  present  in  consulcrublo 
abmnhince.  Some  of  the  limonilo  is  said  to 
contain  nsinucJi  as  820  in  gob!  per  ton.  Ihc 
eontuct  mntcriiil  at  other  points,  issnkl  lo  con¬ 
tain  small  iiinounls  of  gold. 

.\t  the  time  of  tlic  writer’s  visit  Severn  I  claims 
had  been  located  for  thorium,  which  wa.‘.  said 
to  occur  ill  the  epidotc.  sample  of  this 
material,  however,  winch  was  sulmiitted  lo  tlio 
chemical  laboratory  of  the  Geological  Survey, 
was  reported  l>y  W.  T.  Scliuller  to  eoiitaiii  no 
tlioriiun  and  no  rare  eartlis. 


Crescent  Ci'eek  deposits  are  reported  lo  have 
been  located,  and  on  Crescent  Creek  W.  Hicks 
has  located  several  claims.  Kear  Trachyte 
Creek  the  Standard  Clicmicol  Co.  has  done  a 
large  amount  of  development  work,  and  in 
10 14  .sliiiipcd  coii-siderable  ore.  Four  to  five 
miles  norUiwe.st  of  Mount  FUswortli  Ihc 
Standard  Clicnhcul  Co.  has  also  done  con.sid- 
erable  development  luul  1ms  sliipiied  ore  from 
the  Dclmonl  and  Li<la  groups  of  claims. 

The  occurrence  of  these  ores  i.s  sunilar  to  that 
of  nuliuin-beiiring  ores  in  saiidstoue  elsew'here 
in  Utah.  Most  of  the  minerals  are.  closely  asso- 
ciated  wdth  envbonized  plant  remains.  Wdiere 
tl’,0  plant  iHMuouis  are  entirely  siliei6ed  no  de¬ 
posits  were  .seen.  Tims  in  the  rather  extensive 
o.xposuroof  the  sandstone  between  Hoxie(Hnll) 
and  Pine  Alcove  (Bullfrog)  creeks,  and  east  of 
the  latter,  siJicified  f  rees  are  rather  plentiful  in 
places,  l)ut  no  urauium  or  vanadium  was  noted 
wuLli  them. 

Some  deposits  arc  conlined  to  a  single  tree 
trunk  and  sonio  foim  lenses  in  the  sandstone. 
Such  lenses  h.ad  been  followed  in  on  the  l>cd- 
ding  for  60  to  75  fe«L  (1914),  rarely  more,  Init 
most  of  them  pinch  or  decrease  m  value  Avitliin 
a  much  shorter  disUmce. 

The  mincraJogj-  of  the  orevs  is  similar  to  that 
in  other  sections.  The.  piiucipnl  unuiium  min¬ 
eral  is  ci'.rnotite.  Vanadium  is  prcseui.  in  the 
cornoLile  and  as  hewoftito  or  metahe.wcttitc. 
.Vn  undetermined  cliromimn  compound  is  lusso- 
fiatcrl  wnth  many  of  the  deposit.s.  and  they 
conta-ir.  small  amounts  of  selenium. 


DRPO.SITS  IX  SKDIMKNTaKY  ROrK.S, 

'Hie  most  important  deposits  in  tlie  sedimen¬ 
tary  rocks  are  of  urnniiim  ami  vanadium. 
Minerals  conlniuing  tiKrw  elements  have  bcea 
fouiul  in  numUtonea  of  Gilbert  s  Mamiiig  Gorge 
group  that  arc  holieverl  to  he  equivalent  to  the 
McElmo  formation  of  western  Colorado.  The 
formation  outcrops  along  the  eastern  side  of 
the  mountains  from  Bowl  Creek  on  the  north 
to  a  point  south  of  Mount  HiUei's.  passes  be¬ 
tween  Mount  HiUei's  on  the  north  and  Blount 
Holmes  aud  Mount  Ellsw'orth  ou  the  south,  tuid 
extends  southwest  to  Hoxio  (Hail)  Creek. 
(Sco  lig.  74.)  At  numerous  loealities  urauiura- 
vanudium  deposits  have  boon  found,  lire 
norlhcnimost  deposit  known  is  about  2  miles 
sotilh  of  Gibbon's  ranch,  Between  tliis  and 


The  origin  of  the  deposits  is  doubtless  the 
same  us  that  of  the  similar  deposit  in  Utah  and 
Colorado.  (See  p.  1 55.) 

Along  Colorado  llivcr  thero  liius  hemi  some 
pr.isiieeting  of  the  Triassic  siuidslone.  Small 
dciiosits  of  copper  have  been  found  and  ura- 
niimi  niineraLs  arc  rejxu  ted,  but  tliorc  has  been 
no  production  of  cither.  These  dojxisita  occm 
at  cssoolially  the  same  horizon  as  those  in 
M'liito  Canyon. 

I'LACEK  OEPOSIT.S. 

Placer  gravels  occur  in  the  IkhI  of  Crescent 
Creek  and  on  benches  at  higher  levels.  In  191'* 
the  gravels  in  the  bod  of  the  creek  were  bc'mg 
sluiced  and  some  dry  wa.sliiug  was  being  doJW 
on  the  higher  benches.  The  presence  of  go 
bearing  gravels  in  this  localit)’  has  bccn*known 
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for  several  yo.ni'S  but  they  have  yii'Idod  in  all  Wlion  (lie  streams  ivnowcd  tiieir  dox^'nc.uttin*' 
only  a  few  hundred  doUai-s  in  ”«)U1.  the  bciu-li  gravels  woic  in  jairt  reworked  and 


ip; 


•<  I  > . 


It  OljwoHH, 


fir.ur.T:  7i _ Skclcli  mnp  sliowln*  dlslrlbuUon  of  Uio  uruiium-vanadiuin  tewin*  wndstocw  iu  iho  vldnity  of  Oio  Henry  ifoonUlnj.  rreparcl  hy 

n .  8.  nmlor  anj  W.  n.  WLIlohead. 


The  gravel  on  tliQ  benches  apparently  occu-  fonnod  the  channel  gravels.  Barite  sand  is 
mulatcd  from  the  material  coming  from  the  abund.mt  in  (he  placer  gravela.and  is  believed 
mouutauis  before  the  present  canyons  were  cut.  to  be  derived  from  veins  in  the  mountains  at 
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fho  hca«l  of  Crescent  Creek.  The  ]>lacer  grav¬ 
els,  so  far  as  known,  are  confined  to  Cres«^flut 
Creek,  near  whose  bead  the  most  important 
gold-lteariiig  veins  omir.  'nds  relation  uiit- 
urally  Icnd.s  to  (ho  heUcf  tliat  the  gold  of  Ure 
pla<’ei-s  was  derived  from  the  gold-bearing 
veins  in  the  mountains. 

MENTORS  MOUNTAIN. 

By  B.  S.  BcTLP.n. 

Mineis  Mountain  i.s  in  the  western  part  of 
Wa  yno  County,  a  few  miles  southeast  of  the 
settlement  of  Torrey  and  southwest  of  hniita. 
For  many  years  intermittent  prospecting  for 
copper  hn.s  beem  carried  on,  and  a  fow  hundred 
jioiinds  of  high-grade  ore  is  reported  to  have 
Vieen  shipped. 

GEOLOGY. 

Tho  youngest  rock  in  the  mountain  is  un 
impure,  shaly,  and  sandy  limesloiio  about  75 
foot  thick.  This  is  imdcrl.iLn  by  100  to  l.uO 
feet  of  red  shaly  beds,  which  in  turn  is  under- 
liiin  hy  a  massive  sandstone  having  un  observed 
thickness  of  over  200  foot  with  fho  huso  unex- 
pos(‘(l.  Fossils  c.olleetcd  from  the  limestone 
w  ere  detornuned  by  Cl.  H.  Cirly  to  be  of  Lower 
Trinssic  age.  The  underlying  shah's  should 
probably  also  be  regarded  as  Lower  Tria.s.sic, 
und  tho  siindstono  is  probably  Carboniferous. 
SunDiindlng  iho  moiiutiiui  are  the  higher 
Triussie.  and  Jurn.saie  formations. 

Miners  ^fountain  consists  of  an  elongated 
domc-shapcil  uplift  which  trends  northwest. 
The  suidncc  of  the  dome  is  mainly  determinod 
by  the  rather  resistant  Triassic  limestone,  but 
in  numerou's  places  this  has  been  cut  through 
by  tlie  streams,  revealing  tlio  underl}ung  red 
shales  niul  tho  saudslonc. 

OBE  DEPOSITS. 

Prospecting  has  been  raiTied  on  mainly  on 
tho  southeastern  portion  of  tho  mountain, 
whero  deposits  of  copper  and  lead  liavo  been 
o.xploied. 

The  deposits  of  copper  exnminwl  by  the 
writer  and  W.  L.  M'biUshead  occur  as  small 
lenses  in  sandstone  and  shale  strata  in  the  red 
shnlo  scries  just  beneath  the  fossiliferouft  lime¬ 
stone.  The  ores  are  practically  all  o.xidizcd, 
consisting  of  azurito  and  malachite  associated 
with  eousiderable  limonite.  In  the  dcveloj)- 
meut  of  the  deposits  several  shafts  have  boon 


sunk  to  depths  of  30  to  ’,()  feet  oml  short  tun¬ 
nels  have  I'cen  driven. 

'Pirn  lead  deposits  examined  ocenr  in  tho 
massive  sandstone  formation,  probably  200 
feet  below  the  top.  A  Icniienlar  zone  of  less 
massive  material  I'clwcen  two  massive  beds 
of  sandstone  has  been  mineralized  for  several 
hundred  feet  along  tho  strike.  Limonite  is 
the  roost  abundant  of  the  metallic  minerals. 
With  it  are  stringers  and  small  kidneys  of 
cernsito,  ami  dissomiuated  through  it  is  plumho- 
jarosito  in  small  amount  and  possibly  other 
sulphates.  So  far  ns  learned  there  has  been 
no  production  from  the  lead  deposits. 

The  deposits  of  Miners  Mountain  are  similar 
to  the  “red  bed'*  deposits  at  other  localities  in 
the  Stale  and  doubtless  have  a  similar  origin. 
Tlio  genesis  of  this  type  of  ileposit  is  discussed 
on  page  155. 

BABBIT  VALLEY. 

OEOLOIiV. 

The  domal  stineture  t>f  Minors  Mountain 
extends  northwest  iicarl}'  to  Thurher,  where 
the  se<limontarv  rocks  are  buried  beneath  vol¬ 
canic  material.  Tho  boundary  between  the 
sedimentary  and  volcanic  rocks  is  said  by 
Dutton  to  mark  the  site  of  a  great  fault. 
From  Thurher  to  a  point  a  fp\v  miles  east  of 
Torrey  tlic  valley  of  Fremont  Kiver  has  been 
cut  near  the  crest  of  this  dome.  East  of 
Torrey  tho  stream  flows  along  the  northern 
side  of  the  dome  to  the  po’mt  where  it  breaks 
thi'ougb  the  Water  Pocket  fold. 

The  Carboniferous  sandstone  of  Miners 
Mountain  is  ovorln’m  by  red  shaly  beds  and 
shaly  and  sandy  limestone  of  Lower  Triassic 
age.  Along  either  side  of  the  mountain  and  to 
the  north  of  the  valley  lie  higher  Triassic  shales 
with  beds  of  sandstone,  and  above  these  the 
Vermilion  Cliff  and  Whito  Cliff  sandstones  form 
prominent  cliffs.  About  150  to  200  feet  below 
the  massive  Vermilion  Cliff  sandstone  are  two, 
and  in  places  three,  lenticular  beds  of  sandstone 
that  are  rather  persistent  through  the  region, 
though  at  any  given  localitv  one  or  moro  may 
he  lacking.  These  contain  rather  abundant 
plant  remains. 

UUASH.T>r  DEPOSITS. 

Deposits  of  uranium  associated  with  the 
plant  rcn\ains  in  the  sandstone  bods  were  ob- 
sen^ed  near  the  mill  east  of  Thurher  and  are 
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reporteii  from  several  localities  between  there  ' 
and  Grand  Wash,  and  thence  southward  along 
fbe  west  side  of  the  Whiter  Pockets  beyond 
Temple  f>oek.  A  hltlc  prospecting  has  been 
done  near  theThorber  mill  and  at  other  points, 
but  the  only  place  from  which  there,  has  been 
production  Is  at  the  head  of  Grand  Wash,  near 
Fniita  (Junction).  The  sedimentary  series  at 
(his  point  follows : 


SiCtion  near  Fniita  {Junction). 

Peot. 

Miudive  iToes-beddetl  Vermilion  Cliff  Bandsinne. 

Shalca,  viriofmtod,  purple . .  100 


Saadstobo,  brown .  15-20  j 

reculisr  conglomeratic  rock  composed  of  concre¬ 
tionary  bodies,  mainly  calcium  carbonate  in  clay 

matri)!,  with  interbedded  limcstcno . .  50 

Slialo,  cliocolate .  20 

Sandutoiic,  Inoooly  cemented,  gray,  with  streaks  of 
rid  and  given;  contains  ab\indant  plant  remains.  10-20 

Shale,  '*bocalate .  30 

Sunlatcne  \rith  fr)[ail  trees. 

Shale,  chocolate .  ±10 

iambinne,  gray .  ±10 

Shale,  green  and  cliccolatc. 


The  Triiissic  rocks  iit  the  hoail  of  Gnmd  I 
Wash  corofirise  three  sandstones  that  contaui 
fossil  plant  remains.  Tho  lower  has  a  maxi-  ' 
miun  thickness  of  10  feet  at  Grand  Wash  but , 
is  distinctly  lenticular  and  toward  Capital  I 
Wash  reaches  a  thiclaiess  of  30  to  40  feet.  On  ; 
the  Old  Dbcou  prospect,  the  only  prosj^t 
frem  which  shipment  has  been  marie,  lu-aniuni 
minonils  occur  in  a  lens  coutninhig  carbonized  | 
plant  material.  On  the  opposite  side  of  the 
wash  the  fossil  material  observed  was  mainly 
logs  and  contained  httlo  uranium  but  consider¬ 
able  iron.  The  second  sandstone  is  rather 
strongly  cemented,  contains  but  few  logs,  and 
these  are  but  httle  mineralized.  The  upper 
sandstone  is  loosely  cemented  nnd  contains 
abundant  logs,  some  of  which  are  3  feet  in 
oiftTneter.  The  logs  are  mainly  sUicified  but 
are  commonly  surrounded  by  a  thin  layer  of 
carbonized  material.  Outside  the  carbonized 
Material  suiroimding  the  logs  and  associated 
^ith  that  witliin  the  logs  are  red  and  yellow 
minerals,  mainly  hydrous  ferric  oxides  and  sul-  i 
phates,  probably  mainly  limonife  and  jarosite. 
Some  of  these  iron  mlnei'ftls  rather  strongly 
resemble  uranium  and  vanadium  minerals 
4n<i  are  frequently  mistaken  for  them. 

uranium  occurs  as  it  does  in  the  Triassic 
focks  at  other  localities  and  is  doubtless  of 
*mulRr  origin. 


N.4VAJO  MOUNTAIN. 

By  n.  S.  Butlkii, 

Navajo  Mountain  is  on  the  Utah-Arizona 
boun<lury,  a  few  miles  south  of  the  junction 
of  San  Juan  and  Colorado  rivem,  in  the  midst 
of  a  rough  desert  region,  remote  from  rail¬ 
roads  aud  (lifTicult  of  iucoss.  Tho  discovery 
of  a  great  natural  bridge'  a  few  miles  north  of 
the  mouniam  has  attr.acteil  a  few  travelers  in 
recent  youi's;  otherwise  the  district  has  few 
attractions. 

Topogiaphicjilly,  the  mountain  is  a  gr-eat, 
dome  that  reaches  an  elevation  of  10,400  feet 
and  is  deeply  <lissected  by  streams  radiating 
from  the  summit. 

The  sedimentary  rocks  of  the  mountain  arc 
sandstone  and  shales  of  Jurassic  and  Triassic 
age  with  a  small  area  of  Cbetaceous  rocks  at 
the  summit."  Igneous  rocks  have  been  gener¬ 
ally  reported,  but  Grogoiy  states  that  none  arc 
exposed.  The  dome  structure,  however,  is 
Interpreted  as  being  due  to  an  underlying 
igneous  mass  that  ha.s  lifted  the  overl^'ing 
sedimentary  rocks. 

As  Is  common  w'ith  ixmiote  and  difficultly 
accessible  regions,  rich  silver  and  gold  deposits 
hi  the  vicinity  of  Navajo  ^fountain  have  been 
vaguely  rnmored.  Gregory,  however,  says 
that  there  is  httlo  birsis  for  the  reports.  It 
should  be  borne  in  mhid,  however,  that  ura¬ 
nium  and  vanadium  deposits  ma^'  be  found 
aroiunl  this  moimtaui,  and  that  some  copper 
deposits  of  tho  character  common  to  the 
Plateau  region  are  known  to  be  present  there. 

PARIA  REGION. 


By  B.  S.  Butler. 


Pnria,  in  Kane  County,  has  been  the  scene  of 
some  mining  activity,  mainly  for  gold,  nnd 
uranium  deposits  in  Tiiassic  sandstones  have 
been  reported  from  a  few  miles  farther  south. 
No  desenption  of  the  luaniura  deposits  has 
been  published,  but  they  are  probably  similar 
to  those  in  the  Tiiassic  at  other  localities  in 
the  State. 
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OBK  DEPOSITS  OP  UTAH. 


OEOGH.APHY. 

The  wiLer  has  not  vlsUcil  Paria,  but  an 
account  of  the  rej^on,  quoted  ui  laij^e  pait 
fxilow,  has  been  published  by  A.  C.  Lawson.' 

Piiria  ia  a  Bull.leincnt  on  a  flood  plain  ot  the  I’aria  Ui\'er 
now  coDsuding  of  one  family,  which  taaintaina  a  ptwt  o  cc 
for  tlin  (ronvi'nieiice  of  the  sheoph orders  o!  the  region, 
i.s  situated  about  midway  twlwi'rn  l.ces  Ferry  at  the  hoM 
of  the  Marlilc  Canyon  and  l  anyonviHo  in  smithern  Utah. 
To  the  north  and  south  f.f  rarie.  tlio  river  Hows  through  a 
narrow  nirtyon  with  precipitous  walls,  but  at  Paria  the 
course  til  the  stream  is  in  the  .Sliinaritnip  clay  (or  about  3 
miles;  and  in  this  slroteh  it  has,  liy  hori/.ontal  corntsiou, 
evtilvcd  a  itiDspieiious  flood  plain  having  a  maximum 
width  of  about  half  a  mile.  On  the  northeast  side  of  the 
flooil  plain  tlio  .Shinuriirap  clay  forun  a  buttressed  pedestal 
about  400  UHit  high,  upon  which  nuts  the  maaeivo  bright- 
red  sandstuno  of  Uio  A^eruiilioii  t  Ulf.  The  total  height  of 
Oio  scarp  ia  proliahly  about  HOO  foot  and  its  upper  half  is 
vcrliiavl.  The  lower  half  of  the  scarp,  forming  the  jroloBtal, 
is  a  curiously  sculptured  slope  having  a  width  at  the  stiufii- 
east  near  Ppj-in  of  from  -100  to  500  (wt,  but  wuloningti -ward 
the  northwest  to  about  3,(X)0  feet.  The  slope  is  diss&clvd 
by  niiinerous  steep  gulches  which  head  up  to  the  base  of 
the  vertical  cliff;  and  tlicao  have  triluitury  gulches.  The 
arrsu)  hoiindotl  by  the  drainage  lims  of  these  gulches  are 
Bha|Md  ill  siiioolh,  steep  .sided,  hare  domes.  The  surface 
of  tiio  slope  is  thus  romarhably  maniiiuHary,  and  pre.-^-nts 
a  type  of  oroaioKal  form  which  is  ipiito  churaeU-ruilie  of  the 
Sliinnrunip,  although  it  has  been  ai'srcely  ulliided  t-i  in 
numor.ms  deseriptions  of  the  physiogniphy  of  the  Plateau 
proviiico. 

On  tlie  siiilliwi-Mt  of  the  Puria  flood  plain  the  Vermilion 
Clilf  Kinda-u-ne  has  licen  removed,  except  fur  one  isolated 
huLto  a'ooiit  40  acres  in  exUmt;  and  the  relief  is  deicnwiiied 
by  the  peculiar  mnuimillary  or  domed  forms  nf  the  Shina- 
rump  clay.  Tlio  hri-adth  of  tlie  cloy  on  this  side  of  the 
liver  is  about  -1,000  foot.  At  its  ■outhweslvrn  margin  the 
clny  is  .--ecn  in  lino  exposiirea  Oi  rest  upon  a  liglil-gniy 
aundst'mo,  with  a  gentlo  nortlurast  dip.  This  sanilslotie, 
bcuig  more  reidstaiit  Umn  Iho  clay,  projects  generally  be¬ 
yond  tho  limit  of  tho  hittirr  as  a  well-defined  baclcwaid- 
slo]>ing  bench. 

To  (ho  southwctil  of  ibo  Shinarump  extends  the  Por- 
niicni,  tho  upper  surface  of  which  forms  a  gently  sloping 
plateau  ou  the  flank  of  (ho  East  Kaihab  monocline,  nic 
pliiteau  ia  intricately  di»se<-lcd  Ly  innuincrablo  narrow 
vertically  wullod  canyons,  so  that  it  is  practically  impos¬ 
sible  to  traverse  it.  Still  fiiTtlier  to  the  smithwest,  this 
sloping  plateau  of  Peniiiiin  strata  ends  at  aii  cscaqimeiil 
overlookiug  tho  top  of  the  Aubrey  Umcstoac  as  it  bends 
up  in  the  great  uionoclino. 

GEOLOGY. 

Ill  tho  Plateau  proviune  he  wlio  runs  m-ay  read  the 
sequ'inco  o(  (orumtiors.  la  my  own  case  the  pleasure  of 
(he  reading  was  drawn  out  in  n  fc-isurcly  walk  of  SO  miles 
from  Loca  Ferry  to  Paria  by  way  of  IToubc  Rock  Valley. 
Along  this  route  the  great  roll  of  the  East  Kaibab  mono- 
cliuo  is  splendidly  revealed  in  the  suriuce  of  the  .\ubrey 
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li-nestonc,  where  it  has  been  stripped  of  its  covering  of 
Permian  and  later  strata.  In  tho  descent  from  fho  In-ad 
of  House  lUs'k  Valley  to  Paria  the  Permian  is  c.xfioscil  from 
top  to  bottom  ill  tho  winding  r.iiiyou  folloa-cd  by  the  wagon 
ro^.  It  com>ia(s  of  sevenil  hundred  feel  of  lliinly  bedded 
red-mud  shales  and  randy  sliales.  In  its  lower  and  mid¬ 
dle  part  the  strata  are  traversed  by  innumerahlo  narrow 
gash  veins  of  gj-f-aiim.  These  range  usually  from  an  inch 
loan  eighth  of  an  inch  in  lliickncsa,  and  lie  ne-arly  flat,  Init 
generally  at  a  miall  angle  wntii  the  bedding.  ♦  *  » 

In  the  upper  200  te  :iO0  feet  of  tho  Permian  section  ihr- 
gv-psuni  veins  arc  not  notable  feut'Jrt-s  of  the  canyon 
Walls.  The  latter  .are  v.arirgated  in  colur,  Irowover,  by  the 
intercalation  of  llvin  bed-s  of  green  dlmlc  with  the  prevail¬ 
ing  red  bwia.  Tho  green  beds  make  up  about  10  per  cent 
of  this  jmrtirm  of  the  Permian  section.  Tho  uppermost 
bod  of  the  Permian  is  distinct,  from  all  below  it  in  th.at  it 
is  a  persistent  stratum  of  hard,  massive  r«i-biowii  saiid- 
stoiio  from  10  to  20  feet  tliick. 

Res'iiig  on  Ihe  Pernuau  is  tlio  l).u?al  formation  of  the 
ShJnai'uiiip  group.  Tho  supcriJoaition  La  well  exposed 
along  -a  iiorthw»t.-sou:hr«at  line  of  contact  le&s  than  a 
mile  southwest  of  the  Paria  Rivor  at  Paria,  TIic  bx-vil 
foiTiiation  is  from  ;10  to  SO  feet  tliick  and  is  »  rather  ccarao- 
texiurcd  ligltl-gray  sandstone,  whicJi  is  in  some  pars 
pebbly,  and  which  contains  numerous  fr.kgroenU  of  silici- 
(ierl  wreil.  The  stratigraphic  relation  of  eandstone  to  the 
underlying  I’enriian  ia  described  by  Walcott  *  as  uiiron- 
(onnable.  Tho  erc-Moiial  break  figun.id  by  liim  ia  ver>' 
plain  at  oue  locality,  but  as  he  points  out  it  ini-olvcs  no 
cs.'iCMit.i.al  discoi’ilaiice  in  tlie  dip  of  the  two  forrnations;  so 
that  it  is  not  easily  detected  eleewhero. 

The  cla>-»  of  the  .Shiuorump  wliich  rest  ou  this  lineal 
sandstone  are  the  most  intoroaung  feature  oi  the  .section. 
They  have  a  mu.xiiniiiu  thlckm'sei  of  about  400  feet  on  tho 
norlheuiit  aide  of  the  Puria  hut  appear  to  be  ironsiderably 
Iras  than  this  in  the  section  thTt-ugh  the  butte  on  llie 
southwest  aide,  where  the  completo  section  of  the  beds 
bot'iveeii  the  Pertuiuii  and  the  Vermilion  Cliff  sandstone 
ia  revealed. 

The  strotiticntioii  of  (ho  .Shinarurnp  clays  is  not  kca  re¬ 
markable  than  their  erosioual  lorriis.  Viewed  at  a  tlis- 
tiiuce  the  furniation  is  seen  to  consist  of  Urick  kiycrs  of 
different  colors  sharply  marked  off  one  from  anotlier.  Uiu- 
or  two  bfrls  of  sandstone  occur  in  the  sections,  but  with 
this  e.xceptiou  the  diveretfly  colorr-d  layers  ore  homogene¬ 
ous  as  to  texture  and  r-niatancc  to  oropion;  so  that  the  b<'-l- 
ding  planes  do  not  mnrk  any  bn.-nk  or  interruption  of  the 
profiles  of  tho  domes  into  which  (lie  whole  formation  haa 
been  carved.  The  colors  of  the  bods  have  been  suliducd 
by  wealhoritig,  so  that  the  st  rong  deep  tones  soon  in  fixah 
cuia  apjw.ir  ns  faded  and  harmonious  tints  on  the  natural 
slopes.  Tlio  ponorol  effect  is  that  of  a  pleasing  gray  re¬ 
lieved  by  thick  horiy.ontal  bands  of  piuk,  chocolate, 
DiArooQ,  green,  purple,  black  and  white;  but  the  gra)' 
tints  prevail  in  the  lower  i>art  of  the  section  and  tho  red- 
disli  tints  in  the  upper  purl.  •  *  • 

Three  sections  «jf  tho  Shinarump  clays  a'cro  examined 
in  great  domil  by  cutting  trenchesin  the  face  of  tlie  slopes. 
One  of  these  was  chosen  on  the  ncrthiaist  aide  ol  the  Pans 
0(wd  plain,  one  ou  the  southwest  side,  and  the  third  on  fh*' 
sout-hwoat  maigin  of  iJio  fonnalion  where  it  overlooks  the 
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Pmjii  in  plultaii.  The  »ecIioiw  were  ihiw  aUml  inli  u 
mile  0[*»rt  and  on  u  line  tranavorge  lo  the  strike  of  the 
Jore  ation. 

The  firel-Dieniioncd  french  waa  a  conliiinotia  cut  from 
the  level  of  the  river  up  to  a  point  210  hn-i  oltaxe  itaernsa 
ihi:  edpi.w  of  the  strata  in  tho  niiildle  purf  of  the  fonn::.tioii. 
The  second  was  similarly  cut  fixmi  the  level  the  river 
arross  IM  feet  of  the  lower  5»rl.  ol'  the  fornriUion.  The 
tliinl  was  rut  from  Ibe  lop  of  (ha  basttl  sandstone  inri<;3 
feet  of  the  cla  va,  or  iihout  t  vro-tliirds  of  the  tola  1 1  hick-  | 
noaio  Ihis  scctintj.  Tlie  meoaurenicnts  of  tba  beds  in 
(hwp  rrenchos  afforded  an  exact  section  of  the  Shiiianimp 
u  faros  (hey  extended,  but  as  tho  mcaauiftnents  liad  to 
do  merely  with  color  diotinotions,  tho  character  of  the  bods 
being  for  the  moat  part  othenvLse  identical,  I  shall  here 
refer  only  to  certain  special  Icalures.  In  the  iiiimt  south¬ 
westerly  .'oction  a  2-foot  bed  of  light-gray  incdiuin  text  iiretl 
sanlstune  was  oncxaiiilered  intorrupting  the  continuity  of 
the  clays  at  110  feet  nl>ovc  llieir  base.  Abovn  tliis  ll;e 
cla)!  are  windy  for  wevcral  feet.  Half  a  mile,  in  the  i.orth- 
eosi,  io  the  middle  coction,  a  bed  of  similar  Kiudslono  lA 
Iwt  thick  occurs,  Ibe  base  of  which  is  125  feet  uhovo  the 
I'jria  Uuod  plain.  ITalf  a  utile  to  the  north  cast,  in  the 
reJuainiDg  reefioo,  this  same  bed  of  sandstone  has  ex|xind- 
od  to  a  lliifkness  of  50  feel  of  soft  sandstone  with  a  layer 
of  2  fwt  of  hard  sundstene  at  its  base.  Above  the  W-fool 
b«i  ol  iiuidstooe,  lifter  an  interval  of  9  feet  of  red  and 
purple  clays,  is  another  bed  of  s-indstone,  1  feel  thick, 
which  is  itinch  harder  tluin  tho  thick  bed  helow.  Along 
tho  northeast  aido  of  the  Piiria  these  s.'indstoiie8  are 
pinniiiient  feaiiine  of  lha  Shiniinimp  section  and  form  a 
Rotnblc  inlemiption  in  the  otherwise  smooth  profilm  of 
the  clays.  In  I  he  mitst  soai  hwesterly  section  a  d-foot  betl 
of  blank  clay  occurs  23  feet  above  the  stmdstoiic  last  di> 
scribed  and  is  succoetled  by  green  clay.  In  the  middle 
•fii'tion  tills  black  clay  is  10  feet  tliicfc  and  conuuns  lenses 
cf  chert.  It  is  here  succeeded  by  u  bod  ol  hard  sandetonc 
2  feet  thick,  which  causc-s  a  notable  iiilerruplion  in  tho 
othenviso  sn-.oolliJy  doniod  profiles  of  the  formation. 
This  bloi  k  clay'  is  missing  in  the  section  on  the  northeast 
aide  of  the  Puria. 

Ikaiidwj  theec  Viiriutions  in  the  straligraphy  of  the 
Shc-arunip  clays  it  is  also  apparent  that  the  colored  bands, 
which  appear  so  c.uilorm  in  particular  sections,  are  not 
pujai-itent;  but  that  in  the  siune  slnitigniphic  horizon  the 
colors  are  to  a  considerable  extent  interchangeable. 

Throughout,  tho  cLiys  ol  tho  Shinnrump  there  are  numc^ 
ous  irregularly  nodular  concretions  rousisling  alinoel 
wholly  of  carbonate  ol  lime  and  magutisia.  Thean  have 
diameters  ranging  up  to  about  2  uiclics,  but  inc«jt  of  thoin 
measure  lees  than  an  inch  across. 

On  top  of  the  Shiiiarutnp  clays  lies  the  mnssivu,  red  V  er- 
milion  Cliff  sandstone  splendidly  displayed  in  a  vortical 
cliff  00  the  northeast  side  of  the  Faria  to  a  thickness  of 
about  -too  feet.  The  change  from  the  clays  to  the  sand- 
sl'ine  is  abrupt,  an<l  there  is  little  or  no  evidence  of  the 
tninjutinnal  gradation  which  Dutton  has  observed  at  this 
contact  in  other  parts  of  the  Plateau  proi-ince.  *  *  * 

One  ol  the  most  striking  properties  of  the  Shiiianimp 
day  is  its  iiehai'iiir  in  water.  Samples  of  the  clay  taken 
in  the  licld  are  tisuully  moist  and  the  amount  of  water 
'chidi  may  ho  driven  off  ut  lOu®  C.  is  very  coiisidBralile. 
ffat  when  n  fragment  of  the  clay  is  immersed  in  water  it 


immediately  swell!)  cnorm(iu.-!l.v  and  breaks  down  rapidly 
into  nil  iiicolicrcnt  Hat  com-.  UTu-n  this  m.itmial  is  exam¬ 
ined  iiiicroiK-opicully  it  a[ipf-.ire  to  be  cnm|x..'H(l  alnurt 
wholly  of  a  colloidal  Biilwiance  wiih  a  very  small  admi.xturu 
ol  Itiin  silr.  am!  si  ine  cimcmrions  of  carlHioalu  of  lime  and 
ironoxirlo.  The  swelling  and  slacking  of  the  clay  in  wafer 
is  probably  duo  to  the  crdloidal  aheorjitioii  of  wat-w.  Tho 
mixture  is  in  such  a  fine  stale  of  division  that  it  pamen 
inwly  through  filter  paper.  This  peculiar  hehavior  of  the 
.''hinarump  clay  is  in  marked  coutnist  to  other  aedimonfiiry 
cliiys,  such,  for  examplo,  ns  the  clay  of  tho  dnltn  of  the 
Colorado.  *  *  •  The  clays  of  the  Shinarump  reipiiro 
only  to  be  sprinkled  with  water  to  muse  them  to  piom|)lly 
disiutegniio  and  llow  freely  with  the  water.  It  is  this 
h.'ivior  with  waUw  that  has  led  to  schemes  ol  extr.icting 
their  gold  content  by  hydraulic  methods.  With  ror-ks  of 
this  kind  the  rate  of  erosion,  other  things  being  equal, 
must  increase  as  some  large  function  of  the  uicrcoso  of 
rainfall,  If  wo  assume  that  in  Quateniary  or  Pleisloicne 
tinio  the  rainfall  of  tho  region  was  x  times  greater  'hun  iil 
preet'ii!  the  mte  of  ilenuilation  wii.s  dnuhtlcAi  x"  times 
greater  where  “n  "  is  no  small  figure.  At  pr\s*"nl  tho  rain¬ 
fall  is  slight  and  the  result  is  tluit  the  clays  have  been 
superiiciillj'  disintegnited  to  a  depth  of  from  1  to  2  feet. 
Tho  swollen  clay  of  this  surface  layer  dries  out  and  bo- 
ixMBcs  a  IfKiee  fluffy  pulp  of  exteemo  lightntws,  softiieiw, 
raid  jiico]:icrcncc.  At  times  of  heavy  ruins,  such  as  occur 
oi?casioually  on  the  desert,  this  inateri:.!  is  wasliml  down  to 
the  river  in  eiiorraoiia  quanlitaea,  It  was  found  by  cx- 
porimeut  (hat  swiftly  running  water  carri«-a  in  siis|M!n<iion 
about  .10  imr  cent  of  its  weight  of  dry  pulp, 

aample  of  the  gray  Shinarump  clay  from  Lees  Ferry 
was  submiitod  to  chcniiral  analysis  fiv  Prof.  W.  t!.  Bias- 
dale  with  the  folloiring  ivsult. 
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There  are  also  small  amounts  of  carhon.itos  and  siil- 
phiitis)  soluble  in  wator  ia  the  clay.  lu  it  ninaf  ol  the  fi-on 
is  prisHimt  in  tho  Iona  of  niiuulo  concretions  of  limonito, 
and  the  lime  and  magnraia  are  in  tho  form  of  oarUmates, 
If  we  deduct  tbf.si)  together  with  tho  cnmspuiiHing 
amouais  of  11^0  and  CO,,  and  rediieo  the  balance  to  per- 
ceiitages  we  get  tho  followuig  results:  SiOj—71,6;  AljOj«= 
2-1.0;  11^0=3.5. 

From  tbui  it  appears  that  the  ratio  of  silica  to  alumina  is 
no-.irly  3:1,  which  is  far  greater  Hum  shuuld  be  iho  case  if 
tho  clav,  deducting  tho  coacretums  above  referred  to, 
were  composed  wholly  of  kaolin.  Thera  is  not  suflicieol 
quart*  preicnt  to  aciount  for  the  excess  of  silica.  Tho  pro- 
[xirtiou  of  water  present  is  also  much  too  stn.-ill  for  kaolin. 
It  seems  probable,  fhendorc,  that  a  consiilernblo  propor¬ 
tion  ol  tho  flocculent  colloidal  substance  wfii  under  the 
microscope  is  in  reality  silicic  acid,  and  that  tho  presence 
of  silica  in  this  form  may  account  for  tlio  peculiar  hehairior 
of  the  clay  with  water. 
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aoDS  defosits. 

UISSE.M  IN ATEP  DEPOSITS  IN  CONSOl.IDATED  •  E 

mentauv  rocks. 

CHARACTER  OF  THE  BEDIHENTS. 

Finely  .listributwl  goM  reported  to  occur 
in  the  sfulimontaiy  rocks  over  wido  arcus  in  the 
Plateau  region  in  formations  ranging  rom 
Permiau  to  Jurassic  and  pos-sibly  ui  still 
youngor  rocks.  Consi.lerable  money  and  tune 
have  been  expended  on  this  class  of  deposits, 
but  there  hod  been  no  knmvn  production. 
Nevertheless  the  occniTcnce  is  of  much  geologic 
interest. 

The  gold  occum  in  scdimonls  ranging  Irom 
moderately  coarso  sandstone  to  extremely  line 
clay.  It  is  all  very  finely  dividetl  and,  it  is 
said’  can  not  he  collected  hy  pannmg,  a  fire  or 
amalgaraation  ivfway  being  ueces.sury  to  deter¬ 
mine  the  tenor  of  the  rock,  _ 

An  attempt  to  extract  the  gold  on  an  indus¬ 
trial  scale  has  been  made  at  Paiia,  on  Pivria 
River,  in  Kiuio  County,  about  15  miles  north  of 
tlio  Utah-Arizoria  bouutluiy,  and  at  Spencer 
Camp,  on  lower  San  Juan  River.' 

FARIA  AREA. 

At  Paria  the  gold  is  contiiiiicil  in  part  in  au 
extremely  lino  cluy  of  nither  unusual  character, 
which  it.  wa5  oiico  thought  might  bo  treated  bi¬ 
lly  draulic  inethod.s.  In  the  fall  ol  1911  con¬ 
siderable  machinery  for  this  pui^iose  was 
freighted  to  the  camp  from  Mai-j'svale.  So  far, 
however,  no  methud  of  profitable  treatment 
has  been  devised, 

Lawson  ^  discussr*s  the  gold  depoflite  of  the 
clay  as  follows: 

Tlio  piirpofcc'i  mj-exaiiiinatioii  <j(  llw  •eetioiis  nt  Paria 
WM  in  pnrl  to  detwniinc  the  <iuanlity  of  gold  present. 

•  •  •  Tho  nearly  horuontnl  attitude  of  the  be<j.s  made 
it  po*iblo  to  sample  the  clays  by  vertical  cuts  on  the  face 
of  the  bare  hill  slopes.  Tho  cuts  wore  niiuio  deep  enough 
to  get  beneath  the  veneer  of  slacked  pulp  which  co^■crs 
tho  uuweathered  clay.  A  sample  from  of  25  to  30  ponml.s 
was  taken  every  10  feet  mensurt'd  vertically  by  leveling. 
Tho  sautplirig  was  done  on  the  sssuraption  that  whatever 
geld  the  clay  might  contain  was  nil  very  fine,  and  practi¬ 
cally  imifornily  ili.sM^mi anted  in  nnygiwji  strittioi.  The. 
lower  purl  only  of  lh«  fomiatiiMi  w.as  sampled,  comprising 
from  one-bnlf  to  two-lhirde  it?  enliro  thirknees.  The 
samples,  after  caivful  crashing  jind  i|uartcni]g,  were  sub¬ 
mitted  to  >fr.  C.  If.  SfaRoods,  of  Snn  FianeiK-o,  fur  assay. 
This  he  did  with  the  ntmusteare,  in  quadnipUcato  fur  each 
sample. 

K5n;*arjr,  H.  E.,  OwIost  ot  **•«  N«vslo  rounlTy;  V.  8.  C«ol  Sui- 
T<iy  riot.  Popf  r  'M*  p,  W,  1917. 
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The  first  series  of  IS  sample*  was  taken  from  a  trench  I't 
(cet  high  «*n  the  w)Utlm«t  side  of  the  Paria  River.  Of 
these  one  was  ioo'wl  ‘o  ‘-ontaiu  10  centa  per  tnu,  nine  5 
rcata  per  ton,  Pvo  2’j  cents  per  ton.  four  contained  .a  trace, 
and  one  contained  none.  Thes'  wenlta  were  chocked  by 
taking  an  aggregate  made  up  of  equal  weights  of  every  one 
of  the  IS  samples.  The  assay  of  this  suKTi-gRte  sample  was 
5  cents  per  ton.  It  is  worth  noting  that  tho  sample  which 
j-idded  10  cents  per  tjn  was  taken  from  the  15-foot  bed  of 
sandslonc  described  as  occurring  in  IhisBcction. 

The  second  scries  nf  22  samples  Wiis  taken  from  a  In-nch 
21fl  feet  high  on  the  northeast  side  of  Puria.  Of  these,  one 
riehlcd  121  cents  per  ton,  two  71  cent.s,  eight  5  cents, 
five  21  cents,  five  a  trace,  and  one  none.  The  average  of 
the  entire  cut  m  about  1  cent.s  per  ton. 

Tlio  third  series  of  samples  was  taken  from  a  trench  240 
feet  high,  beginning  at  the  top  of  the  Shimariimp  .s-ind- 
stone  on  the  southweat  margi ii  of  tho  formation .  Of  these 
one  yielded  71  cvo*«  per  ton,  five  yielded  a  coiits,  one  2\ 
cents,  sixteen  a  trace,  and  one  none.  Confirming  (hese 
results,  an  aggregate  o(  cqu-ol  amounts  of  13  samples  from 
the  fiwt  write  of  18  yielded  to  assay  by  Mr.  W.  S.  Morley 
4  cents  in  gold  ficr  ton.  A  similar  aggregate  of  .18  sunplcs 
from  the  second  series  yielded  Mr.  Morley  2  cents  per  ton, 
and  nn  aggregate  of  20 samples  from  the  third  series  yieWed 
also  2  cell's  per  ton.  Comparable  results  are  obtained  hy 
amalgamation  aosays  on  large  samples,  us-teg  chemically 
pnre  mercury. 

To  those  unfamiliar  with  the  hydraulic  method  of  min¬ 
ing,  tho  gold  content  of  I'ac  Shinariimp  clays  may  appear 
to  be  so  aitiull  as  lo  be  insignificant  .and  uuwortiiy  of  atten¬ 
tion  from  a  practical  point  of  rievr.  B-Jt  under  the  most 
iiivorobte  cwtditioas  gravel  containing  .5  cents  per  yard, 
or  2J  cents  per  ten,  may  be  worked  at  a  profit.  The 
peculiar  tray  in  which  the  Shinarunp  clay  slacks  and 
runs  witli  water  suggiats  ihat  it  may  be  no  less  susecprihle 
of  hydraulicking  thaa  banks  of  gravel.  This  suggestion, 
coupled  with  nn  exaggerated  notion  of  the  amount  of  gold 
contained  in  the  clays  has  led  to  rarioiis  attempts  to 
explodl  them  for  gold.  The  ground  has  been  staked  out 
in  hundreds  of  placer  claims  and  these  have  been  offered 
for  sale  at  lurgc  figures.  The  value  of  iho  ground  is,  Iww- 
ever,  very  problomatical.  If  a  mctliod  of  successful  hy- 
draulicldng  and  recovery  of  the  gold  be  devclojied,  it 
will  only  be  after  a  long  pcrioil  of  expcrimenlAlior,  a* 
latgo  expense,  at  a  fuw  favored  localities  where  *  vast 
yudogo  of  the  clays  is  free  from  cverbuidcii  and  »d»ere 
abundant  water  mr.y  be  had  cheaply.  No  large  expend¬ 
iture  for  the  itcqiiisirion  of  territory  would  bo  justified 
until  tho  method  of  winning  tho  gold  h*s  been  demon¬ 
strated. 

Al  present,  the  occmrerice  is  interesting  frxim  a  gw»log- 
ic.nl  rather  than  a  pru-tical  paint  of  view.  We  may  safcl.' 
namme,  on  tho  bosus  of  tho  sampling  at  Paria,  that  the 
Shiivarump  clay  llwni  contains  on  the  average  B  cents  pi't 
cubic  yard.  TTie  unie  formation  appear*  to  be  aimll^> 
auriferous  at  Lees  l-’en-y  and  at  Saa  Juan,  and  it  i*  ptw- 
ablo  from  the  extreme  uniformity  in  the  physical  chara' - 
Icristics  of  the  formation  wherovor  it  has  bees  ebscrire ^ 

tliul  ilisaimilArly’auriferoustlu-otiRhoulifaexlsnt-  ^ 

The  gold  is  not  confined  to  the  Shinanimp  clays  in  I 
Plateau  prorinco.  A  cut  110  feet  high  was  made  in  1  w 
underiring  Permian  Hhalcti  and  11  stmplea  secured  ter 
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j^y.  Of  Iheeo,  two  jiclded  10  cenl*-  in  gold  (o  iho  ton, 
five  yielded  5  conta,  six  a  trace,  and  one  nono.  .An  aggve- 
g»t«  cf  equal  parla  of  these  1-1  samples  yicddml  to  an  amal- 
^lajation  atway  -(  cents  per  Ion.  This  result  is  probably 
repraentativo  of  the  gold  content  of  the  etnire  thiekne-s 
of  the  Permi-ir;,  since  the  oondilions  of  sc'dimenlalioii 
appear  to  leave  been  very  uniform  Ihrcnghont.  The  Ter- 
nian  beds  do  not,  however,  alack  in  wiiter.  and  ihi'iv  is 
nopitttpecl  of  their  being  susceptible  of  hydniulic  mining 
They  are,  however,  quilo  as  interesting  as  the  Sliinaninjp 
u  an  iustanre  of  the  occiirrenee  of  gold  in  !inc-graincd 
iscdiuier.tary’  rooks. 

SAN  JtJAN  RITCR  REGION. 

Gold  was  fet  reported  from  San  Jiiaii  River 
by  an  Indian  trader  named  WiUiain.s  in  l.be 
fall  of  1S92.  Tales  of  fabulously  l  irh  deposits, 
both  in  river  placers  and  itt  sandstones  n<lja- 
cent  to  the  river,  spread  through  the  West, 
and  several  himd red  men  “stampeded"  to  the 
region  in  midwinter  (1892-93)  uiid  suffered 
great  hardships.  The  river  and  its  irihu- 
tarics  were  staked  for  majiy  niile.s.  After 
fighting  and  bloodshed  it  was  foimd  that  the 
gold  was  too  fine  to  be  worked  on  a  small  scale, 
and  in  a  tow  months  the  rt^ion  was  practically 
abandoned. 

1116  possibility  of  working  the  sandstone 
deposits  has  been  investigated  several  t-imes 
since.  As  lute  as  1910  macliinory  was  taken 
into  the  region  to  cnish  and  treat  the  rock  hut. 
was  never  operated.  The  sandstone  is  said 
to  contain  20  to  40  cents,  or  even  more,  per  ton, 
in  gold.  The  writer  has  not  visited  the  ilis- 
trict  and  has  no  reliable  data  pertaining  to  the 
gold  content  of  the  sandstones.  It  ma}'  l)e 
recalled,  however,  that  appaiently  reliable 
reports  stated  that  the  depasits  at  Paria  eon- 
tftined  from  30  to  65  cents  per  yard  in  gold, 
wid  considerable  money  was  spent  on  thb 
ossumplicm,  whereas  Lawson  found  that  the 
average  for  those  deposits  is  about  5  to  10  cents 
per  cubic  3'ard,  It  is  possible  that  a  more 
c^ful  sampling  will  show  a  much  lower  con- 
t^t  for  the  sandstones  of  San  Juan  River  re¬ 
gion  than  is  commonly  reported. 

OTHER  DEPOSITS. 

The  Tria.ssic  sandstones  in  the  vicinity  of  the 
Hear}'  Mountains  are  said  to  carry  gold,  assay 
values  exceeding  .SI  per  ton  bemg  reported, 
vowever,  anyone  con.sidering  working  these 
sandstones  shoidd  remember  the  Paria  ex- 
P®nence,  and  make  careful  investigation  before 
•UemptLng  to  treat  them.  Assays  of  sand- 
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stone  from  the  La  Sal  Mountain  region  show 
gold  and  silver  present .  Ash  from  the  Pleiv^ant 
V  alley  coal  Ls  said  to  have  3'iekled  60  to  80  cents 
per  ton  in  gold.' 

It  is  evident,  as  pointed  out  by  Lawson,  that 
the  gold  is  widely  distributed,  but  thus  far  it. 
has  not  been  found  possible  to  extract  it  profit - 
iiUy.  The  widespread  occuiTence  of  the  gold 
is  of  interest,  however,  as  indicating  that  the 
sediments  were  derived  from  a  rather  liigliiy 
minoralized  area,  and  further,  as  fumishiug  a 
possible  soui-ce  for  the  placer  gold  of  Colorailo, 
ban  Juan,  Green,  aiul  Grand  rivers. 

PL.VCEK  DEPOSITS. 

GENERAL  FEATURES. 

PlfirCer  gold  has  been  kno\vu  for  a  number  of 
yeai-s  in  tho  rivers  of  eastern  Utah,  including 
the  Colorado  and  its  main  tributaries.  Grand, 
Green,  and  San  Juan  rivem.  The  deposits  have 
been  worked  sponniicalh'  and  numerous  de- 
\-ices  have  been  tried  for  saving  the  verv  fine 
gold. 

Tho  richer  gravels  have  been  worketl  in  u 
small  way,  some  proiiabl}"  at  a  profit,  but 
attempts  to  operate  on  a  large  scale  have 
not  met  with  success.  Tho  total  production 
ha.s  been  only  a  few  thousand  doUai-s,  of  which 
Colorado  and  Green  River  deposits  have  fur¬ 
nished  the  greater  part. 

The  gold-beiirmg  graA'-els  are  found  at  inter¬ 
vals  from  Wyoming  to  Arizona.  They  are 
most  extensive,  however,  on  Colorado  River, 
between  the  mouth  of  Fremont  (Dirty’^  Dovil) 
River  and  the  southern  boundaiy  of  the  State, 
on  Gieeu  River,  above  tho  mouth  of  the 
Duchesne,  and  on  San  Juan  River  near  Bluff. 
Few  of  tho  river  placers  were  visited  by  the 
\vriter,  »md  little  concerning  them  is  to  be  found 
in  tho  hteratui'e. 

COLORADO  RIVER. 

DEVELOPME.NT. 

The  most  active  operations  on  Colorado 
River  have  been  cairied  on  from  about  the 
mouth  of  Crescent  Creek  southward  to  a  few 
miles  below  the  mouth  of  San  Juoa  River. 
Attempts  at  dredging  and  other  placer  opera- 
tions  were  carriod  on  farther  south.  The 
region  has  little  rainfall  and  tho  tributary 

Oeoflt.T,  W.  Th*  rtirDi^lri’  of  urd  depi^lU:  Am.  Xml.  Min. 
Kdr.  Tnna.,  Tol.  33»  (i.  1903. 
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strctiuis  normally  wirry  liUl«  wtiUt,  and  many 
of  tlumi  lire  dry  for  r  large  p»rt  of  the  year, 
prcveiiliiig  Urge  hydraulic  or  sluicing  opera¬ 
tions  with  water  frona  r  source  nbove  the  river. 
Pumping  frora  Coloiwlo  River  for  sluicing  is 
expensive.  A  water  wheeJ  was  tried  at  the 
Good  Hope  Bar  and  was  later  set  up  at  the 
Gold  ('oin  placer,  hui  was  not  notably  suc¬ 
cessful.  Dredges  were,  used  a  short  distance 
above  the  mouth  of  I’ino  .ycovo  Creek  and 
farther  south.  townr<l  Lees  Ferry,  but  neither 
wn.s  Ruecrsbful.  Moivovcr,  ilio  very  fine  divi¬ 
sion  and  llalo’  character  (»!’  the  gold  make  it 
hard  to  save,  and  the  i)ereentage  recovered 
by  the  methods  so  far  emplovod  Is  said  to  he 
very  low.  In  view  of  these  dillicultie-s  ainl  tile 
remoteruss  of  the  region,  mid  the  e/msequeut 
high  cost  of  .supplies,  it  is  not  suqirising  that 
the  elfoiTs  to  work  the  jilacers  have  not.  mol 
with  marked  sueeoss. 

OeOlIHllUKCE. 

Gold  is  present  in  the  river  bed,  in  bura  a  few 
feet  above  the  river,  mui  in  benches  many  feet 
higher.  At  the  Gold  Cobv  placer,  uccordiug  to 
Fraidc  Bemictt,  the  upper  honeh  is  lb?  feet 
and  the  lower  beneh  6.1  feet  above  low-water 
mark.  Other  beuehes,  said  to  he.  gold  bearing, 
are  estimaUsl  to  bo  1,000  feet  above  the  river. 
These.  Ixmelies  are  remnant.s  of  old  canyon 
bottoms  in  wliich  lower  eluumels  have  been 
progressively  cut.  The  bench  gravels  exam¬ 
ined  are.  rather  fuie,  few  of  the  pebbles  meas- 
iiriug  more  llnm  G  mehe.s,  and  probably  50  per 
cent  being  less  than  1  inch. 

On  some  of  the  rive.r  burs  eoiu'ser  material 
was  jn'csent  and  the  relative  proportion  of 
coaise  material  was  somewhat  greater  than  on 
the  heiiehcs.  The  line  material  consists  mainly 
of  quartz  sand  but  contains  a  laigc  araoniit  of 
heavy  sands.  The  heavy  siuid  cimsists  mostlv 
of  magnctile,  which  enu  be  rcoilily  removed  by 
an  ordinary  hand  magnet.  A  ct)n.><i(lorable 
portion  of  the  remainder,  oonsistuig  hugely  of 
lioinatife  and  ilraenile,  ran  be  removed  with  an 
('leetiornaguet.  The  remuimler  i.s  principally 
garnet,  a  blaek  mineral  that  is  probably 
clu-oniilo,  zireon,  ami  small  nniouiUs  of  rutile. 
Pebbles  of  hematite,  (he  largest  an  inch  in 
dianieler,  were  imleii,  e.spi>eiully  on  the  Gold 
Coin  claim. 

.Many  of  the  miuend  gniiits  composing  the 
heavy  sands  arc  well  nnimled.  Others,  notably 


those  of  zii'con  ami  chromite,  .show  nearly 
perfect  crystal  outline's.  The  heavA*  minenils 
tiro  abundant  in  llio  gravels.  Mr.  Bennett 
states  that  the  gravels  of  the  Gold  Coin  placer 
contain  as  high  us  6  per  cent  of  “black  sand,” 
and  otlicr  ilcposits  probably  contain  about  (he 
same  projiorlioii. 

The  golil  is  in  small  flakes;  (ht!  laigcst  seen 
(in  a  sample  jiniuted  from  the.  Gold  Coin  placer) 
was  0.36  millitucter  long  and  0.26  niilliiiicter 
brtie.d.  The  average  dimeii-sions,  liowovcr,  arc 
much  less,  the  greatest  iliaraetcr  not  givatly 
exceeding O.IO  millimeter.  Flakes  wilii  a  illara- 
oter  of  0.0.5  inillirnetor  are  not  uncommon. 
(See  PI.  LI.) 

Most  of  the  gold  frora  the  Gold  Coin  placer 
Ls  very  clean  and  ha.s  the  color  of  veiy  pure 
gold.  S<jmc  flakes,  however,  are  yellowish 
green  and  arc  evidently  not  so  jiurc..  The  gold 
is  about  O.nGO  fi'ic.  but  it  is  said  to  vary  some¬ 
what  on  ilifl’crent  hai-s.  The  records  of  output 
from  several  bars  show  about  12  parts  of  gold 
to  1  part  of  silver.  Three  smell  colei's  of  a 
gray  metallic  material,  found  in  a  pan  from 
the  Gobi  Coin  placer,  show  the  same  rounding 
and  piltuig  ns  the  gold  colom,  and  arc  believed 
to  bo  platinum,  which  i.s  knovni  to  be  present 
in  the  deposit.s. 

The  gold  content  of  the  gravels  is  said  to 
bo  rather  imift>rmly  distributed  vertically  iu- 
sLeiwi  of  being  concentrated  on  bwirock.  The 
richest  ground  is  said  to  contain  considerable 
clayey  material.  The  gold  gravels  arc  eom- 
uioidy  covered  I>y  sand,  in  iilaces  several  feet 
thick,  that  ha.s  been  derivoil  fmm  the  adjacent 
clifl’s.  Gravels  at  the.  upstream  end  of  bars 
uro  said  to  contain  more,  gold  than  those 
lower  down;  and  the  high  bonoh<*s  are  said  to 
be  commonly  nchor  than  the  lower  ones;  but 
there  arc  o.xcoptions  to  both  these  rules. 

The  gold  content  of  the.  gravels,  of  comae, 
varies  from  place  to  place  and  to  obtain  an 
average  wmild  require  very  extensive  sampling. 
Some  of  the  results  of  operations  are  available, 
hut  it  Ls  reasonable  to  supjwse,  that  only  tlie 
richer  gravels  wore  treated.  Mr.  Bennett 
stnles  that  about  1,000  yards  of  gravel  from 
the  ui)pcr  bar  of  the  Gold  Coin  claim  yiokled 
gold  to  tlic  value  of  8730,  or  obout  73  cents 
per  yard.  Gravels  from  a  Inir  Jicar  the  mouth 
of  Rod  Creek  are  said  to  have  yielded  from  70 
cents  to  more  than  .$l  pi'r  ^'ortl.  The  “bluck» 
sands”  arc  said  to  contain  considerable  gold 
that  is  not  recoveretl. 
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Vorv  U'W  iivailablc!  ii3  f<i  (he  pluU- 

nuni  contciit.  of  (he  gra\'cls.  A  sample  of 
"black  saiul”  examined  by  D.  T.  Ibiy  ajul 
R,  H.  Richards  '  yielded  (j.'.iO  ounces  gobl  and 
015  ounce  plotiiium  per  (on,  and  some  big!)- 
irraclc  gold  cxmccnlnites  are  saiil  lo  have 
issaved  1  part  of  platimim  (o  9  parts  of  gold. 

Bert  Scaboldt  has  lujidly  funiislicd  cslimales 
made  bv  several  men  wfio  have  examined  the 
gravel  bars  along  the  river.  These  cstimaU's 
are  based  mainly  on  the  rosult.s  of  ]>aiiniiig  and 
show  a  variation  from  25  cents  pc-r  eulde  yard 
10  double  or  triple  that  amount.  The  writer 
has  heard  other  e.stimatcs  as  low  as  5  cents 
])cr  yard  for  the  genemi  imi  of  the  river  saiuls. 
It  is  probably  needless  to  say  that  great  cau¬ 
tion  and  skill  are  required  in  estimating  the 
gold  content  of  the  gravels,  and  one  accus¬ 
tomed  to  eoai-sc  gold  is  likely  to  be  misled  by 
the  very  fine  atid  “fluky"  gold  of  Colorado 
Rivei". 

SAN  JTTAN  arVER. 

The  placer  deposits  of  San  Juan  River  were 
not  examined  by  the  writer  but  have  been 
deseribeil  by  Gregory,*  who  states  (hat  reports 
of  rich  deposits  of  gold  in  gravel  bars  and 
terraces  of  the  San  Juan,  below  (he  mouth  of 
Montezuma  Creek,  caused  the  “Bluff  excite¬ 
ment”  of  1S02,  when  1,200  people  I’ushcd  to 
the  river  ami  went  awaj'  empty  handetl. 

Sevend  plants  have  been  installed  along  the 
river,  notably  that  of  the  Oregon  Gold  Mining 
Co.,  near  the  mouth  of  MonU'zuma  Crock;  at 
Zarin  Camp,  3  miles  below  the  month  of  Nakai 
Canyon  and  about  20  miles  above  ibe  junction 
of  tlie  San  Juan  and  the  Colonnlo;  at  Speneor 
Camp,  in  the  Grout  Beiul  in  the  Sau  Juan  6 
miles  below  Zana  Canip;  and  4  miles  below 
Nakni  Catiyon.  Minor  operations  have  been 
carried  on  at  other  localities. 

The  output  from  these  operations  has  been 
small,  ami  the  larger  umlerta kings,  at  least, 
have  been  failuivs.  Gregory  says:  “That  gold 
is  widely  distributed  in  the  San  Juan  Valley 
is  indleaU’d  by  the  f»tct  that  nearly  every 
from  the  bars  show’s  a  color."  The  metal, 
hoR'ever,  is  in  excessively  hire  flakes.  The  cost 
of  tmusportfttion  is  too  great  to  justify  oper¬ 
ations  without  a  yield  larger  thati  has  been 
reported. 

'  3,  0«il.  Sunny  null,  ZM,  p.  1»6. 

•Hnwy,  U.  E.,  Geology  of  Uie  N«to1«  country:  V.  .S.  Oeo).  8ur- 
’•J  erof.  P»ppT  9i,  p.  139, 1917. 


GREEN  RIVER. 

Gold  hits  been  found  and  some  pi'ospe.cting 
done  on  Green  River  at  numerous  poiut,s  from 
the  B'\-oming  line  southward.  Gravels  in 
BrowiLS  I’ark  are  said  lo  eonlnin  gold,  am!  some 
prospecting  has  been  done,  though  there  ha-s 
been  little  production.  Near  Jeasen  attempt.s 
have  bei'ti  made  to  recover  the  gold  by  both 
dredging  and  sluicing,  but  nt'ither  method  has 
been  vt'ry  successful  in  recovering  the  fine  goM. 
CJonsiderahle  prospecting  has  be<>n  done  in  (he 
vicinity  of  Jensen,  where  large  bodies  of  gravel 
are.  reported  to  contain  goM  in  .small  amount. 
According  to  AVwton  Stewmrt,  of  Jensen,  (he 
gravels  capping  the  mesas  bordering  Green 
River  in  (hat  vicinity  also  contain  gtild  in  small 
amount. 

At  the  Horseshoe  Bend  of  Green  River,  about 
1.5  miles  a  little  west  of  south  from  Vernal, 
considerable  placer  mining  ha-s  been  done. 
This  wrns  the  only  locality  where  operaliona 
wei’e  being  eoiTicd  on  at  the  time  of  the  wniter’s 
visit,  and  eliTunistunce.s  permitted  only  a  very 
ha.sty  exainination. 

The  grnvi'Is  arc  on  the  inner  side  of  the  great 
o.xbow  curve  made  by  Ihi^  river.  Wici-e  they 
occur,  near  the  “lop”  of  the  bow’.  the  river  is 
rutting  against  its  outer  bank  and  has  gradu¬ 
ally  receded  from  its  inner  bank.  The  gold- 
bearing  gravels,  which  rise  several  feet  above 
high-water  mark,  have  been  prospected  along 
the  liver  front  for  upward  of  a  mile  and  arc 
said  to  e.xlond  a  ciuarter  of  a  mile  back  from 
the  riv’cr,  though  sufficient  prospecting  has  not 
bo<'n  done  to  outline  their  area.s. 

The  pay  gi'avel  is  said  to  rest  upon  clay, 
w'bieli  is  undorluin  by  the  decompo-sed  sand¬ 
stone  of  the  region.  'I’he  deposits  are  covered 
by  samI  that  lia-s  drifted  ovf'i-  them,  in  plates 
lo  a  thickness  of  5  feet  or  more.  The  gravel 
contains  many  pebbles  2  to  4  inches  in  diameter 
or  even  larger  but  few  boulders  (bat  exewd  a 
foot  in  (linmeter.  The  gold  is  reported  lo  bo 
rather  uniformly  distributed  vertically;  atleast 
it  shows  no  murkod  tendency  to  concentrate  at 
the.  base.  Thei-e  arc  evid<'Ul]y  rich  slrcalcs 
horizontally  and  the  same  is  probably  true 

vertically.  ..... 

HTie  mineralogy  of  the  lino  material  is  sinular 
lo  lhat  of  CoJorutlo  River.  ^Iugnelilo  is 
abiindaiit,  as  are  idso  garnet,  hematite,  ilmemte, 
chromilo.  anil  ziicon.  The  gold  is  almost 
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idc-nl.iciU  in  uppcaruiw  witli  thal.  of  Colorado 
River  in  eolor,  size,  and  .'ihape,  exeept  that  the 
sample  examined  <ontnined  fewer  of  the. 
givenish-ycdow  “e  olor.H.”  'I'wo  flakes  of  a  gray 
mcfallie  mineral  coLlceted  in  a  pan  are  tx'licved 
(o  he  plalbuim. 

The.  gi’uvels  vary  in  gold  e.ontent  from  place 
to  place,  and  it  is  diflieult  to  deteriuinc  their 
avcrag('  tenor.  Sonx!  of  the  gravel  worked  is 
said  to  have  yieldeil  ?l  per  yar<l.  la  these 
oporniions.  however,  the  b.'tter  ground  was  . 
sc.hteted,  and  it  is  safe  to  say  that  in  any  large  ; 
operations  the  averagi'  would  he  very  much 
lower. 

Tln^  only  water  supply  is  Green  River  and  m 
working  the  ground  it  is  lUH'cssary  to  elevate 
both  the  gravel  and  the.  water. 

As  in  other  plaei^  in  eastern  Utah  diirn-iilty 
lin-s  heeu  e.x]>eriene<-d  in  ns-ovtaing  the  line 
gold.  In  the  fall  of  Ol.'f  the  Fine  Gold  I’laeer 
Mining  Co.  had  nearly  <'ompleted  a  plant 
designed  especially  for  recovering  the  I'ne  gold, 
hut  to  the  present  lime  (1917)  it  lia-s  made  no 
important  produ<*tiou. 

GRAND  Rrvxn. 

A  small  amount  of  jilaeer  gold  lias  been 
retnvered  from  (he  ham  of  Grand  River. 
Tile  writer  did  not  see  thesi'  ileposits,  hut  they 
ar(>  said  to  be  similar  to  those  of  Green  and 
Colenulo  rivers. 


SOURCE  OF  THE  GOLD. 

The  source  of  (ho  gold  in  the  placers  has 
never  been  dolinitcly  ascertained  and  lois  been 
much  ilisputed. 

It  is,  of  e.oume,  recognized  tliat  tiie  gold- 
bearing  veins  ol  tho  Ua  Sul,  .'Vbajo,  I'leniy,  and 
possibly  Uinta  inonntnins  may  have  and  prob¬ 
ably  <lid  funiisli  a  portion  of  the  gohl,  though 
the  gold  of  tho  Henry  Mountains  at  least  is 
said  to  (lilTer  considcrnhly  from  the  river  gold. 
Moreover,  so  far  a.s  known  at  present,  tho  veins 
in  these  mountains  do  not  seem  adequate  to 
account  for  tho  gold  along  the  rivei-s. 

It  seems  to  be  the  provaUing  opinion  among 
men  who  have  worked  tho  riv'cr  deposits  tnat 
tho  gold  in  the  sedimentary  rocks  has  boon 
coneentrated  to  form  tho  auriferous  gravels  of 
the  rivcis. 

Sc  hrader'  has  descriltcd  very  similar  deposits 
from  Wind  and  Big  Horn  rivei-s,  Wyo.,  and 
coiLsidei-s  their  most  probable  sonree  to  be  the 
lodes  in  the  pre-Camhriun  roclis.  Green  River 
heads  in  essentially  tho  same  region,  ami  it  is 
entirely  probable  that  at  least  part  of  its  gold 
lia.s  he.cii  derived  from  a  similar  soiu’ce  and  bus 
boon  concentrated  by  repeat cd  reworldngs.  In 
like  manner  it  is  pos.siblcj  that  the  gold  of  the 
Sun  Juan  placers  was  derived  from  th.e  lode 
deposits  near  tho  hcadwutor.s  of  that  stream. 


I  StSumlcr.  F.  C.,OoId  |>Ia«xin  n(  Wind  uiKl  Big  UiK-n  rivei  •,  Wyo.; 
It.  9.  OboI.  Survey  BoIl.lW.RP.  127-U5,  WH. 


APPENDIX. 


CARBONIFEROUS  AND  TRIASSIC  FAUNAS. 

By  GEonoE  H.  Gihtt. 

DISCRIMINATION  OF  FAUNAS. 

Tho  plrttcs  of  C'Hrl>oniferous  and  Tria.ssic 
foesils  tbat  accompany  tliia  report  were  made 
up  at  the  request  of  Mi-.  Butler  with  the  pur¬ 
pose  of  aiding  the  geologist  to  discriminato  and 
identify  tho  rock  groups  that  he  was  called  on 
to  mvestigato.  The  performance  of  this  tusk 
in  a  way  that  would  accomplish  the  desired 
object  was  less  simple  than  it  may  appear. 
Tho  fust  requirement  of  any  foi-m  selected  for 
iDustration  as  characterizing  a  given  geologic 
age  was  that  it  must  be  closely  restricted  to 
the  rocks  of  that  age.  Any  species  that 
ranges  beyond  tho  limits  of  a  formation  was 
ineligible  in  proportion  to  this  transgj-ossion. 
It  was  also  necc^ssavy  that  the  species  seleetod 
should  bo  of  common  occurrence,  for  obviously 
any  type  that  w'os  rarely  foimd,  though  ever 
80  sharply  restricted  in  geologic  range,  would 
be  of  little  use  for  tho  purpose  required.  Again, 
it  was  necessary  that  the  species  selected 
should  Ih'  easily  recognized,  for  though  many 
types  that  are  more  or  less  restricted  to  and 
characteristic  of  definite  horizons  are  readily 
differentiated  by  the  trained  eye,  it  is  for  tho 
hymou  and  not  the  professional  paleontologist 
that  these  plates  are  primarily  intended,  and 
if  tho  lajunan  cau  not  leaddy  detect  the  dif¬ 
ference  between  the  forms  they  might  as  well, 
for  him,  he  tho  .same  fonn.  Lastly,  it  was 
necessary  that  the  spocics  selected  should  ho 
species  that  oceur  in  Utah.  This  requh’ement 
was  in  ono  way  helpful,  because  species  that 
•n  ono  region  aro  restricted  in  range  and  are 
characteristic  of  a  definite  horizon  may  in  an¬ 
other  pjvss  thi’ough  several  horizons  and  not  be 
characteristic  of  any.  Li  another  way,  how¬ 
ever,  this  requirement  introduced  an  element 
of  hazard,  for  if  the  species  ranges  through 
several  faunas  in  another  area  its  apparent 
restriction  to  one  hoiizon  in  Utah  was  probably 
apparent  only  and  the  appearance  w'ns  due  to 
•Dsuffieient  evidence. 
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Now  there  are  really  very  few  species  that 
fulfill  all  these  rcquii’cjuenls,  and  tlio  user  of 
theso  ])lates  will  prol)ably  find  them  seiwico- 
uble  in  proportion  to  tho  acciu'ncy  of  his 
ol)servation  and  the  soiuuluess  of  his  judg- 
nnuit.  He  is  likely  to  find  similar  forms, 
though  rarely  the  same  forms,  at  more  than  ono 
'  of  the  horizons  here  dillcrentiated.  He  must 
not  expect  to  find  in  one  spot  all  the  forms 
figured  as  characterizing  a  horizon,  though  ho 
may  find  them,  and,  on  tho  other  hand,  he 
mu.st  rest  his  judgment  loss  on  tlie  presence  of 
any  ono  of  the  forms  and  more  on  the  jusocia- 
tion  of  a  number  of  them. 

Proceeding  along  broad  lines,  I  have  dis¬ 
tinguished  four  Carboniferous  and  one  Tina-ssic 
fauna  in  Utah,  and  these  are  represented, 
though  of  course  in  a  very  partial  way,  on 
the  six  ac<»mpunyTng  plates.  Each  of  the 
faunas  will  doubtless  he  subdiNdded  into 
several  stages  when  it  has  been  studied  care¬ 
fully  in  connection  with  more  detailed  strati¬ 
graphic  information  than  is  now  available. 

LOWER  MlSSISSrPPIAN  FAUNA. 

Tho  lower  Mississippinn  fauna  corresponds 
to  the  Madison  limestone  faima  of  Montana, 
Wyoming,  and  other  States.  Tho  term  Wav- 
ei’ly  has  been  applied  to  it  in  many  of  the 
reports  on  the  geology  of  Utah  because  of  its 
resemblance  to  the  faima  of  the  Waverly 
gi'oup  of  Ohio.  The  Madison  horizon  is 
commonly  very  fossiliferous  and  can  often  bo 
identified  by  that  fact  alone.  Spirycr  cei}'- 
tronatus  is  abundant  at  this  horizon,  also  the 
very  finely  striated  Clwnete-a  l.ogomn.n.i.  Spe¬ 
cies  of  CJioncU'S  and  Spir^er  similar  to  these 
occur  in  tho  Pennsylvanian.  Leptaevu  arutloga 
appeal's  to  be  absolutely  diagnostic  of  tho 
Madison  fauna  in  Utah  wherever  it  is  found, 
but  it  is  rather  rare.  Lai^e,  loosely  cx.>ilcd 
ga.stropods  of  tho  EvonipJwlus  and  StraparoUus 
group  ore  an  important  feature  of  the  Madison 
fauna.  Species  resembling  the  Madison  spe¬ 
cies  do  indeiMl  occur  at  other  horizoii-s,  but 
at  these  they  lU'o  far  less  abundant. 
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DPPEK  MISSISSIPPIAN  FAUNA. 

The  two  plates  of  upper  MissL^sippian  fossils 
e^onslitute  u  somewhat  new  and  not  unim¬ 
portant  contribution  to  the  paleontology  of 
Ulali.  The  upper  Mississippian  is  lacking 
over  vast  areas  in  the  We.st,  owing  apparently 
to  pre-Ponnsylvaniaii  erosion,  so  that  Pennsyl¬ 
vanian  rocks  rest  directly  on  Iimc.stonea  of 
Madison  ago,  iiii<l  it  was  not  until  rather 
ns^uitly  that  I  ha<i  tlio  neccs.sury  faunal  and 
strotigraphic  information  to  establish  the  pres- 
onoo  of  rock.s  of  upper  Mi.ssissippian  ago  in 
Utah.  Most  of  the  species  shown  on  the 
plalos  have  already  been  recognized  in  Utah, 
but  thoir  horizon  as  upper  MississippiaTi  has 
not  lieon  recognized,  or  at  least  lia.s  not  been 
plainly  indicaiUal.  'J'he  assemblage  of  species 
os  shown  bore  is  moro  or  less  provisional;  some 
of  the  types  may  not  belong  in  tho  upper 
Mississippian  at  all  and  others  may  belong  in 
dilTcront  Kubfaunns.  Upper  Mississippian  rocks 
occur  also  iii  Idaho,  whore,  in  fact,  my  best 
collec.tions  have  boon  obtained.  The  fauna 
deserves  full  ami  careful  treatment.  This 
horizon  is  c.speciany  ehameterized  by  its  corals. 
Large  zaphrentoid  corals  like  those  ligured, 
possessing  numerous  niys  or  septa,  are  iu  many 
places  very  abundant  and  are  more  or  less 
characteristic,  thougli  smaller  species  simiJtU' 
to  them  uro  found  at  almost  oil  horizons  in 
the  Paleozoic.  Largo  colonial  1)7)03  arc  also 
abundant,  especially  in  Idaho,  llioy  belong 
cliiolly  to  tho  genus  LUltosfrotion.  A  large 
P)'')<luct'U'S  of  the  type  of  P.  Qtijcinttu-i  and  a 
huge  Spirifir  of  the  l)7>o  of  i>.  slriatm  are  likc- 
w'iso  signilienut.  In  general,  the  upper  Mis- 
sissippiau  fauna  of  this  region  resembles  tho 
fauna  of  tho  Mountain  I'miestone  of  Great 
liritain,  the  t.ral  Mountains,  and  eastern 
;\sia  more  than  it  docs  tho  higher  Missksippian 
of  tho  uiiper  Missis.sippi  Valley  region,  but  in 
a  measure  it  coitd)im>s  (he  two  facies. 

PENNSYIVANIAN  FAUNA. 

The  PeujKsyU  iiniiin  faiuias  of  Utah  tiro  per- 
htijis  less  kuown  than  those  of  imy  other  hori¬ 
zon,  for  tho  rooks  of  Pcnnsylvauitin  ago  tlo  not 
contain  many  fossils  and  aro  not  lulapted 
lithologically  to  jiresorvo  them  well.  The 
fauna,  so  for  as  it  is  known,  seems  to  come 
mostly  from  the  lower  part  of  tho  Peunsyl- 
vunian  of  Utah,  and  it  resembles  the  lower 


faunas  (post-Pottsville,  hoit'evor)  of  the  Penn¬ 
sylvanian  of  tlie  Mississippi  and  Ohio  vallei-s. 

PEBMIAN  FAUNA. 

The  Permian  fauna  of  Utah  is  a  very  distinct 
and  oasil)’-  recognized  unit.  It  is  the  Spin- 
frrina  pulch-a  fmuia  that  at  ono  timo  spread 
over  Idaho,  Wyoming,  LTah,  and  Nevada. 
Because  it  is  pronouncedly  unlike  the.  Carbonif¬ 
erous  faunas  tliat  preceded  it  and  becauso  it 
includes  a  few  t\'pes  like  A«7o.s7iy<-.y  (whieh,  .so 
tar  as  known,  is  restricted  to  rocks  of  Permian 
age)  the  S inriffrina  puldiTH  fauna  is  classed 
as  Permian.  It  does  not,  however,  agree 
closely  with  the  f)7)ical  Permian  fauna  of 
Rus.sia,  and  it  is  strikingly  different  from  the 
other  Permian  faunas  of  North  America  such 
as  the  Ouadalupian  fauna  or  the  Kansas  and 
Texas  Permian.  Inrlecd,  it  is  doubtful  whether 
as  much  ns  10  per  cent  of  its  specic-s  can  be 
found  in  the  central  and  eastern  parts  of  tho 
continent,  and  oven  that  small  proportion 
belongs  to  such  baffling  types  as  Cnmponita, 
in  which  few  sharp  spoeillc  linos  can  bo  drawn. 
As  presented  on  Plato  LVI,  the  Spmfcrir.a 
puicArct  fauna  has  littlo  that  is  new  and  valu¬ 
able  to  tlio  professional  paleontologist,  except 
perhaps  t  hat  it  brings  together  somewhat  more 
definitely  than  I)eforo  certain  species,  already 
known,  into  a  single  well-defined  fauna. 

LOWEB  TBIASSIC  FAUNA. 

The  Lower  Triossie  of  Utah  as  now  known 
comprises  the  beds  called  Perrno-Carboniferous 
by  tho  geologists  of  tho  King  Sm’vey  and  by 
othem.  In  tho  Park  City  district  “tho  Permo- 
Carhoniferous''  was  diseriniinatod  into  thi’eo 
formations,  the  Wootlside,  Thaynes,  and  ^Vn- 
karoh,  but  these  formations  have  not  as  yet 
been  traced  across  the  State.  They  Jiavo, 
however,  been  traced  into  southeastern  Idaho, 
where  they  wero  found  to  emhraire  t.he  MeeJeo- 
ntiis  berls,  the  typical  Lower  Triassic  of  North 
America.  The  McfJcoceraa  beds  ore  regarded 
as  oeemriug  in  the  Thajmes  limestone.  In 
addition  to  J^ffekoctraa  and  other  types  of 
.^Imraonites  the  Lower  Triassic  has  a  large  and 
varied  fauna  comprising  polecypods  and  gastro¬ 
pods,  besides  some  braebiopods  and  Bryozoa, 
unfortunately  as  yet  almost  completely  un- 
descrihed.  The  typical  ammonite  fauna  is 
not  loiovni  ia  the  lower  part  of  the  “Permo- 
Carboniferous"  (M'oodsido),  but  the  molluscan 
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species  found  thoro  ully  this  pHrt  of  the  section 
yith  that  above.  Becaitso  of  this  alli.nnco., 
liecouae  the  formation  no’xt  below  appoai-s  to 

Ppfiniftn  (the  final  epoch  of  the  Paleozoic), 
lad  because  a  most  profound  and  abrupt 
faunal  changti  occurs  between  the  Permian 
fauna  and  the  Woodsido  (all  the  abundant 
iud  characteristic  Paleozoic  typos  of  brachio- 
pods,  such  ns  Prodvchis,  Cfionetfi^,  Dtrlja, 
Compo^ita,  Splrifn',  and  the  rest,  becoming 
ftxlinct  at  that  fatal  lino),  tlie  Woodside  is 
confidently  grouped  with  the  overlying  beds, 
with  which,  indceil,  it  Htliologically  belongs. 
If  the  Mtil-oirras  fauna  of  the  Thaynes  is 
Tri.issic,  the  Woodsido  also  is  Triassic. 

The  Ijower  Triassic  fauna  originally  extended 
tha  entire  length  of  the  State  from  Idaho  to 
Arizona  and  probably  westward  into  Cali¬ 
fornia.  In  Wnhx)tt’s  Kanub  Canyon  section 
it  forms  the  bods  wlricli  he  calls  Permian,  his 
Ponniau  fauna  containing  one  or  two  species 
of  Meekocera-x  us  well  ns  many  pclecypods  that 
occur  also  in  the  "Ponno-Carboiiiforous"  of 
the  Wa.satch  Range.  'I'ho  exact  equivalence 
with  the  Lower  Triassic  of  northern  Utah  can 
not  be  predicated,  but  from  such  facts  as  are 
now  available  it  seems  probable  that  all  of  the 
Eanab  Canyon  “Permian”  is  Triassic  and 
that  tho  underlying  Carboniferous  limestone 
(Kaibab)  is  Permian. 

DESCBIPTION  OF  SPECIES. 

Productus  brazerianus  Girty,  n.  sp. 

PI.  LIU,  figs.  1,  la,  2,  2a. 

Shell  large,  subquadrate.  Probably  the 
width  always  exceeds  tlio  length,  but  in  some 
specimens  it  exceeds  it  much  more  than  in 
others.  Tho  hinge  line  is  as  wide  as  or  slightly 
wider  tlnm  the  shell  in  front  and  tho  cardinal 
are  nearly  right  angles.  Tlio  anterior 
outline  is  broadly  curved  and  the  lotcriU 
outlines  nearly  straiglit  above.  The  oonvexit}' 
of  the  Ventral  valve  is  low,  greatest  toward  the 
margins,  nio  beak  is  small  and  not  very  prom¬ 
inent.  Tho  ears  me  rather  large,  undefined, 
nnd  arched,  and  are  sepiu'utod  from  the  vault 
of  tho  aliell  by  a  broad  depression.  Tho  domal 
Valvo  is  shaped  much  like  the  ventral  (as 
^wed  from  the  inside)  .save  that  the  convexity 
is  lower  and  more  regular  and  the  beak  smaller 
•nd  less  prominent. 

Tha  Furfa<^e  is  marked  b}'  fine,  subequal, 
mdiating  costue  which  increase  by  bifurcation 


and  are  somewhat  wider  tlian  the  striao  be¬ 
tween  them.  'Phey  are  more  or  loss  wavy  and 
irregular.  There  aro  also  fine,  concentric, 
crcnulal.ing  striao  and  eoncentric  wrinkles, 
which  us  a  rule  are  fine,  irregular,  and  faint.  I 
have  not  been  ublo  to  determine  detinitelv 
whether  spines  aro  present  in  tins  form;  pre¬ 
sumably  some  were  developed  but  probably 
they  Were  neither  large  nor  nutiierou.s. 

Tliis  type  in  very  nbundairb  in  the  upper 
Mississippiati  (Brazer  limestone)  at  certain 
localities,  but  at  othem  it  can  not  be  found  at 
aU.  Tire  sliells  aro  apt  to  bo  so  packed  one 
upon  tho  other  that  it  is  dilFicnlt  to  obtain 
perfect  specimens.  In  general  Prodmtus 
brazai<inus  suggests  P.  com  and  other  species 
related  to  it,  but  from  these  forms  it  is  clearly 
distiuguished  by  its  broad  siiajw,  its  low  con¬ 
vexity,  its  small  beak,  and  by  its  lack  of  largo 
spines  on  tho  body  of  tlio  shell,  and  of  strong 
wriiddes  on  the  earn.  More  immediately,  it  is 
of  the  family  of  P.  (p/janUus  and  mu}'  bo  identi¬ 
cal  with  some  of  the  varieties  of  titat  species. 
P.  pigaiiteas,  however,  is  in  un  unsatisfactory 
stote,  becriusb  of  tho  large  number  of  forms 
that  have  been  referred  to  it.  For  this  reason 
•  and  because  1  have  no  specimens  whatever  for 
comparison,  I  have  deemed  it  better  to  de¬ 
scribe  as  new  tho  Ameiican  form  and  leave  for 
future  determination  it.s  relation  to  the 
European  one.  What  may  p."obablv  be  re¬ 
garded  as  typical  P.  giganbus  is,  I  judge, 
distinct  from  my  shell  by  reason  of  its 
greater  size,  liigh  convexity,  much  extended 
auricles,  longitudinal  folds,  cardinal  spines,  atul 
other  cliaractei's.  Young  specimens  perliaps 
show  some  of  t  hese  diffeicnces  less  clearly. 

Producluts  hemiaphfrieui,  wliich  Davidson 
considers  only  a  more  or  loss  doubtful  variety 
of  P.  giganU  ux,  rescrablos  P.  braztrianus  more 
thjm  P.  gigiintevs  itself.  It  show's,  however, 
some  of  the  same  differences,  such  as  tho  row 
of  spiiioa  along  the  cardirnd  line  and  the  ex¬ 
tended  ears  (not,  however,  in  all  specimens  ')■ 
One  of  Da\fidsoir.s  specirhens  of  P.  strlnius  also 
suggests  P.  hmtruinux,  but  of  coui-se  the  short- 
hinged  sputulate  typical  variet}'  resembles  it 
only  remotely.  Even  P.  corn,  as  identified  by 
Davidson,  is  not  wnthout  suggestions  of  P. 
Irazcrianu-s;  not  only  is  his  form  u  different 
species  from  true  P.  com,  however,  but  os  com- 

ThomM,  Drltleti  rosill  Dracblopoda,  ^•ol.  2,  pi.  «,  02. », 
r>lo.iut.  Sofl.,  1SJS-IW3. 
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pared  with  P.  hrazerianus  it  is  more  liighly 
vaulted,  has  a  larger  ond  more  promiaent  umbo, 
and  has  mueh  stronger  concentric  wrinkles. 

Although  P.  hrazenanus  is  apparently  dis¬ 
tinct  from  typical  P.  (jiijiiuteua,  most  citations 
of  P.  gignnUua  in  American  literature  probably 
belong  to  it.  It  is  also  probable  that  the  form 
identified  by  Meek  in  ifontana  ns  P-  latifiKimus 
belongs  to  P.  hrazerianui,  but  thi.s  suggestion  Is 
made  only  on  the  hyiiothcsis  that  Meek’s 
specimen  wus  imperfect. 

In  configuration  P.  Itrazerianus  closely  re¬ 
sembles  P.  mnijn-m  of  the  Mississippi  Valley 
region.  P.  mafinus,  however,  has  its  surface 
sprinkled  witli  numerous  small  spines  and  has 
costno  that  are  not  only  coamer  but  that  tend 
to  become  obsolete  toward  tlio  front.  P. 
sichenlhdli,  a  manusciipt  species  from  the 
Hindsrille  member  of  tho  Batcsvillo  sandstone 
of  Arkansas,  is  also  an  allied  form.  Tlie  dorsal 
valve  of  P.  siehe.nthali  has  numerous,  more  or 
loss  strong,  fine,  concentric  wrinkles,  and  the 
ventral  valve  has  a  row  of  spines  along  the 
hingo  lino  and  does  not  show  tho  broadly 
flattened  shape  over  tho  visceral  region  whiclr 
is  rather  characteri.stic  of  P,  bivzerian^wi.  Tho 
costae  are  likewise  much  finer.  The  difTer-> 
ences  in  the  nuinher  and  distribution  of  the 
spines  can  not  bo  pressed,  though  I  have  been 
quite  unsuccessful  in  finding  definite  evidence 
of  spini's  in  P.  brazinanm,  especially  rdoug  the 
liingo  line  and  on  the  oars,  where  they  would  bo 
apt  to  be  larger  and  more  numerous  than  on 
tho  rest-  of  tho  surface. 

Aulonteges  hlspldus  Girly,  n.  sp. 

P'..  LVr,  figs.  g.  8ii,  8b. 

Shell  rathor  Inige,  ovate,  expanding  from  an 
almost  pointed  posterior  to  a  broadly  rounded 
anterior  end,  the  ouLlino  but  little  interrupted 
by  the  projoction  of  the  small  depressed  ears. 
Tlio  largest  specimens  observed  arc  about  40 
millimetei's  lung.  Tho  width  is  variable  but 
ahva^-s  distinctly  less  than  the  length.  The 
convexity  of  tho  ventral  valve  is  moderate, 
rather  high  transvei-soly,  and  more  shallow 
lengthwise.  The  sides  and  front  are  apt  to 
descend  strongly,  but  tho  slope  backward  to 
tho  umbo  is  apt  to  bo  gradual.  Tlie  am-iclea 
nro  small  and  indistinct.  The  ciudinal  area  is 
low;  it  lies  about  in  the  piano  of  the  shell  c<lgcs. 

'I’ho  dorsal  valvo  is  nearly  flat,  of  au  ovate 
shape  with  a  small  terminal  beak. 


The  surface  of  the  ventral  valve  is  morked  bv 
very  fine,  wavy,  raflial  lirae,  as  in  some  varieties 
of  Prodnetus  cora.  There  are  also  numerous 
rather  stout  spines  which  appear  to  be  differ¬ 
ently  arranged  in  different  specimens.  Com¬ 
monly  there  appoara  to  be  a  rather  broad 
spinose  belt  passing  around  the  shell  well  to¬ 
ward  the  front,  in  which  the  spines  are  large  and 
closely  set.  In  several  specimens  the  shell  in 
front  of  this  hand  is  alnio.st  without  spines  and 
is  marked  only  by  the  fine,  sharp,  wavy  lirae. 
In  some  specimens  again  the  surface  back  of 
the  spinose  ban<I  appears  to  bo  almost  without 
spines,  or  to  have  the  spines  smaller  and  less 
numerous  than  on  the  band  itself.  Such  ap- 
jx'are  to  be  the  character  of  tliis  poi't  of  the 
surface  in  the  type  spec-iinen.  The  spines  are 
reall}'  rather  numerous,  but  they  ore  smaller 
than  those  on  the  spinose  band  and  are  broken 
off  so  close  to  the  surface  that  they  are  repre¬ 
sented  only  by  .small  perforations  in  the  shell 
aud  are  therefore  less  conspicuous  than  those 
of  the  band,  which  stand  out  prominently. 

Aulostegea  hisindus  unquestionably  belongs  to 
tho  group  of  Aulofitege^,  This  relationship  is 
imleed  strongly  suggested  by  tho  shape  and  sur¬ 
face  charactere  alone  and  is  proved  by  tho  area 
of  one  specimen,  wliicli  I  uncovered  with  some 
difficulty.  The  area  is  small,  being  only  about 
.3  millimetei’s  high  in  a  specimen  at  least  25 
millimeters  long.  It  is  marked  by  transverse 
grooves  and  has  a  narrow  pscudodcltidiura. 
The  pseudodellidiuin  itself,  how'over,  appears  in 
the  specimen  to  bo  broken  or  cut  away,  leaving 
a  small  open  slit. 

Of  the  American  species  referred  to  thi.s 
gonus  A.  hisindm  resembles  A.  guadaloupeti^ 
in  shape  but  differs  from  it  widely  in  surface 
character.  It  agrees  more  nearly  with  A.  med- 
lifottlanus  vnr.  amcricanvd  in  sculpture  but  dif¬ 
fers  from  it  in  configuration.  Even  the  sculp¬ 
ture,  though  similar  in  general  plan,  differs 
notably  in  dotuil. 

A.  hispidus  is  one  of  the  rarer  species  of  the 
Sinrlfcrina  jiulchm  fauna,  but  it  is  important 
in  determinhig  the  geologic  age  of  that  forma¬ 
tion,  all  the  species  of  Aalosttges  being,  I 
believe,  of  Permian  age. 

Spirifer  pseudocameralus  Girly,  n.  sp. 

PI.  LVI,  figs.  10-15. 

Shell  rather  large,  distinctly  wider  than  liigh 
I  but  less  transvei’se  than  many  species  of  the 
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genus.  The  greatest  width  is  found  at  the 
hinge  lino,  the  cardinal  angles  being  acute  in 
shells  chat  are  proportionally  wide  but  more 
nearly  rectangular  in  shells  tiiat  are  propor¬ 
tionally  high. 

The  ventral  valve  ia  rather  convex,  especially 
in  Iho  umbonal  region,  and  the  rather  small 
beak  is  strongly  incurved.  The  area  appeal's  to 
be  high  in  some  specimens  but  only  moderate 
mothers;  it  is  somewhat  ohbque  to  the  piano 
of  tho  valves  but  is  more  or  less  strongly  re¬ 
curved  toward  the  perpendicular.  Tho  sinus 
ianotdeop  hut  is  fairly  well  defined.  It  is  occu¬ 
pied  by  two  small  costae  that  unite  toward  the 
beak  and  gradually  enlarge  toward  tlie  front 
where  they  are  of  about  the  samo  size  as  the 
other  plications.  Tho  costae  that  border  the 
sinus,  one  on  each  side,  also  give  off  by  division 
one  and  sometimes  two  costae  on  tho  sides  or 
in  the  bottom  of  the  sinus.  'iTie  costae  on  the 
sidee  of  the  shell  are  strongly  fa.sciculate  in 
groups  of  three,  and  these  may  be  subequul,  or 
one  may  be  large  and  two  small.  Of  these 
faacicles  there  are  three  or  four  on  each  side  of 
tho  beak;  four  or  five  other  costae,  either  in 
pairs  or  singly,  are  developed  beyond,  toward 
the  cardinal  angles. 

Tho  dorsal  valve  is  moderately  convex.  The 
fold  is  low  but  well  defined.  It  is  divided  into 
two  lobes  b}'  a  more  or  less  deep  median  groove. 
Etch  lobe  bears  two  or  three  costae,  and  the 
lobes  so  closely  resemble  the  fascicles  on  the 
•idea  that  in  some  specimens  it  is  not  at  first 
apparent  that  there  is  any  fold  at  all.  The  lat- 
*ral  costae,  like  those  of  tho  ventral  valve,  are 
•trongly  fasciculate  near  the  fold  and  grade 
laterally  into  a  noijbrsciculate  arrangement. 

The  finer  surface  markings  are  not  well 
shown.  Probably  like  other  species  of  the  | 
•tme  kin,  this  one  was  covered  with  fine  radial ! 
*nd concentric  tracings,  but  at  present  only  the 
•trine  of  growth  can  be  seen. 

This  species  will  immediately  suggest  the 
common  Pennsylvanian  type,  usually  known  as 
Spirifer  cameratv^.  More  careful  corapari.son, 
however,  will  show  iiimieroas  differences. 
Though  both  species  vary  more  or  less,  S.  pstu- 
^^^camtratus  U  higher  in  proportion  to  its  width, 
•chercas  5.  cameTalus,  or,  os  I  shall  call  it,  S. 
^TpUcdttis,  is  proi)ortionally  wider  and  more 
Extended  at  the  hinge  liue.  triplicaiU’/!  ha.s 
•^thor  finer  costae  and  a  more  rapidly  widening 
fold  and  sinus.  Its  fold  and  sinus  are  also 


more  angular,  the  fold  especially  being  Ingh  and 
pointed,  whereas  that  of  S.  pucud-fKameratus  is 
low  and  rouiulcd.  The  fold  of  typical  pseudo- 
enmeraius  is,  moreover,  rendered  hiplicato  by  a 
median  groove;  and  though  a  median  groove 
occui's  on  tho  fold  of  S.  tnpllmtiis  also,  it  is 
shallow  and  merely  hlimts  thecrest  of  tho  ridge. 
S.  triplimtus  also  has  more  numerou.s  costae  in 
the  fold  and  sinus. 

This  is  probably  the  same  species  that  Meek 
i<lentified  as  Spirifi  r  camemtus,  though  Meek’s 
specimens  were  obtained  in  Nevada  instead  of 
Utah,  ^feek  noted  several  differences  from 
typical  S.  triplualus,  in  part  tho  same  differ¬ 
ences  becauso  of  wdiicb  I  consider  S.  pseudo- 
cameratus  distinct  from  S.  tripUeatus.  He 
apparently  placed  so  much  importance  on  the 
fact  that  his  form,  like  S.  triplicatus,  had  fasci¬ 
culate  costae  that  he  did  not  give  adequate 
weight  to  other  differences  of  which  ho  himself 
noted  some,  others  perhaps  not  being  shown 
by  his  specimens,  which  were  evidently  not  very 
good.  My  own,  too,  are  rather  poor,  but  I 
have  man}'  of  them. 

Spirifer  tripltcalu.s  Hall. 

PI.  LTV.  fig.  22. 

By  this  name,  used  by  Hall  in  1852, 1  intend 
to  designate  the  specigs  currently  know'n  as 
Spirifer  carueratius  Morton.  Morkui's  type 
.specimens  were  obtained  at  Putnam  Hill  near 
I  Zanesville,  Ohio;  Hall’s  from  a  locabty  in 
i  northeastern  Kansn-s.  S.  triplicatus  is  a  com- 
[  mon  and  wcll-IvJiown  form  that  occurs  in  the 
coal  me^isures  of  Mi-ssom  i,  Illuiois,  Kansas,  and 
other  States  in  tho  same  region.  Typical  S. 
cameratus  is  from  the  Pottsvillo  (Mercer  lunc- 
stone).  It  is  common  at  Putnam  Hill,  and  my 
collection  contauis  a  number  of  specimens. 
Broadly  speaking  all  these  early  sjuiifei-s  of  the 
triplicatus  group  have  the  ribs  less  strongly 
fasciculate  than  typical  S.  iriplicalus.  Tliis  is 
true  at  least  of  my  specimens  of  S.  camemtus 
from  Putnam  Hill  and  tliey  also  differ  more  or 
less  in  having  the  fold  and  siuus  rather  low  and 
rounded  instead  of  l)igh  and  anguUir.  They 
seem  to  have  a  more  quadrate  or  pentagonal 
outline  than  S.  tripUcatis,  one  which  is  higher 
in  proportion  to  the  width,  less  extended  at  the 
hinge,  and  fuller  below  it.  Those  differences 
appear  to  be  niaintuiriod  perhaps  only  in  e 
general  way  ami  to  be  not  very  great  in  degree, 
but  in  my  judgment  they  warrant  holding 
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S,  caineratus  as  dutiuct  from  S.  triflicnlus,  both 
on  their  ovsti  nc(.oimt  and  on  account  of  the 
difference  of  geologic  age  witli  which  they  are 
correlated. 

I  propose  therefore  to  recegnize  two  species 
among  this  group  of  spirifers,  for  ono  of  which 
S,  cameraHiH  is  clearly  the  oldest  name  and  for 
the  other  probalily  <S’.  Iriplicatus.  'I'ho  only 
term  that  seems  at  present  likely  to  conflict 
with  S.  triplkntuii  is  S.  mtxiselachanm  Koemcr, 
whicdi  has  priority  over  triplicaius  but  not 
over  S.  carruTiihis.  It  is  hnpossiblo  at  this 
writing  to  dotcrinino  with  certainty  the  re¬ 
lationship  of  the  Texas  form.  It  may  prove 
to  he  distinct  from  both  S.  tripUcalHS  and  S. 
caweralna-,  if  it  belongs  to  either  it  belongs 
probably  to  S.  catntratus.  To  distribute  cor¬ 
rectly  the  long  synonymy  of  S.  caineratus  would 
be  didievdt.  Most  of  the  citation-s  would  doubt¬ 
less  fall  to  S.  iriplicatus.  Another  species  that 
must  bo  oonshlercd  in  this  connection  is  S. 
gorei  Mather,  which  is  said  to  differ  from  S. 
cameratas  {S,  iriplicatus)  by  lacking  fasciculate 
ribs.  Mather’s  statement  is  that  the  ribs  of 
S.  gorei  ore  not  fasciculate  at  all,  whereas  those 
of  /iS'.  camtralus  nro  only  faintly  fiuMiiculate. 
The  two  forms  may  bo  distinct  species,  but  their 
geologic  age  is  about  the  same. 

('omposltu  mira  GIrty. 

PI.  LVl.  figs.  1C,  ICa. 

1S77.  .'Irtvru  ToUsyi  Meek,  U.  S.  GiX)l.  Kxpl.  SOth  Par. 
Fin.il  Itept.,  vol.  pt,  1,  p.  82,  pi.  9,  figs.  3-3b. 
('nrbniiiforou.i  ILmc^tono:  Ruby  group;  Wachoe 
MounUiins;  Mahogany  Peak;  Ggan  Range,  2Jov. 
18911.  ni.ra  Girty,  Geology  of  the  Yellowutone 

Niitioiml  Park:  U.  .S,  Geol.  Survey  Mon.  32, 
pi.  2,  p.  570. 

A  large  Composita  occurs  rather  persistently 
in  the  Spiriferina  pulchra  fauna  of  Utah.  It  is 
chnriMUerizod  by  its  lunge  size,  its  rotund  shape, 
its  narrow  fold  and  sinus  which  though  rather 
strong  are  developed  chiefly  toward  tho  front, 
aiul  by  its  surface  inarkiiigs,  which  consist  of 
numerous  rather  strong,  irregularly  disposed, 
imbricating  lamellae  of  growth.  There  is  also 
a  narrow  variety  of  this  form  in  tho  Spiriferina 
pulchra  fauna.  It  is  coiuraonly  much  longer 
than  wide,  even  the  most  rtituiu!  specimens 
being  only  slightly  wider  thou  long. 

These  specimens  appear  to  agree  remarkably 
well  with  tho  form  to  whicli,  in  1S99,  I  gave 
tho  name  Athjris  mira.  The  «)rigiual  speci¬ 


mens  of  Athyris  rrdra  were  the  original  speci¬ 
mens  of  Athyris  roLssyi  as  identified  by  Meek. 
Meek’s  specimens  came  from  Nevada,  imd  tliey 
are  xlistinguisheJ  by  almost  the  samo  char¬ 
acters  that  I  have  mentioned  for  those  from 
Utah.  I  called  attention  to  tho  fact  that 
Athyris  mira  posse-ssed  an  open,  triangular 
dclthyrium,  instead  of  the  round  pwlicle  open¬ 
ing  depicted  by  Meek’s  figure,  whoso  appear¬ 
ance  I  was  inclined  to  ascribe  to  breakage, 
'rhe  conformation  of  Meek’s  specimen,  how¬ 
ever,  may  be  no  different  from  that  which  can 
often  be  observer!  in  Composita.  In  ventral 
valves  of  that  genus  tho  triangular  dclthyrium 
was  mostly  closed  by  a  deltidium,  and  the 
small  round  pedicle  opening  above  tho  dolti- 
dium  encroached  on  the  umbo  through  resorp¬ 
tion  or  wear  by  tho  peflicle.  Tho  deltidium  is 
in  fact  rarely  preserved,  but  owing  to  the  cur¬ 
vature  of  the  ventral  beak  that  part  of  tho 
shell  is  concealed  by  tho  other  vulve.  When 
the  dorsal  valve  is  lost,  however,  or  has  the 
umbonal  part  broken,  the  ventral  valve  is  apt 
to  show  a  triangular  aporturo  below,  open 
because  of  the  lo.s3  of  tho  deltidium,  and  a 
circular  aperture  almvo  occupvdng  the  apex 
of  the  umbo.  Thus  the  condition  observed 
m  Athyris  mira  may  not  be  ns  anomalous  us  I 
conceivwl  it  to  be  at  tho  time. 

As  to  the  generic  position  of  Athyris  mira, 
the  configuration  appears  to  bo  that  of  Com- 
positn  rather  than  of  Athyris  or  Cliotlcyridina. 
In  fact,  Mock  states  that  his  specimens  of 
Athyris  roissyi  pass  by  easy  gradations  into 
forms  that  nro  difficult  to  soporate  from  Com¬ 
posita  sublilita  Hall.  The  really  critical  char¬ 
acter  in  these  shells,  however,  is  tho  surface 
ornamentation.  Meek’s  specimens  have  tho 
surface  marked  by  stronger  and  more  numer¬ 
ous  imbrications  than  is  common  in  Composita 
but  certainly  not  stronger  and  more  numerous 
than  is  compatible  with  that  genus.  On  tho 
other  hand,  there  is  not  tho  slightest  evidence 
for  believing  that  the  imbrications  of  A.  mira 
were  ever  prolonged  into  the  spiuoso  fimbriae 
of  (Jliothyridina  or  tho  lanicllose  frills  of 
Athyris.  Indeed,  I  strongly  belie vo  that  they 
were  not  prolonged.  I  am  satisfied  that  they 
were  not  prolonged  in  the  Utah  specimens, 
which  I  refer  without  hesitation  to  Composita. 
The  main  difTcronce  shown  by  the  Utah  speci¬ 
mens,  when  compared  with  Meek’s  description 
and  figures,  is  that  Meek  represents  the  imbri- 
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c*t4ona  as  more  regular  though  app.arently  not 
stronger  than  they  are  in  my  specimens. 

Meek's  figures  of  Atlujns  roissui  strikingly 
resemble  his  figures  of  Ath;/ris?  j’frdmmia  on 
ihcsame  plato,  and  apparently  tho  two  forms 
occur  in  association.  Athjns  persinwita  seems 
to  be  rather  smaller,  rather  more  elongated,  to 
bare  a  stronger  fold  and  sinus,  and  to  lack  the 
logular  imbrications,  tho.se  which  it  has  occiu'- 
rir*  only  toward  the  margin.  It  is  probable 
that  both  forms  actually  belong  to  the  genus 
Cmposiift;  and  if  the  difTorences  mentioned  do 
not  hold  good  Composiia  mira  will  become  a 
synonym  of  C.  persinmki.  The  shells  from 
Utah  agree  bettor  with  C.  niim  than  with  C. 
pcrdrmiUi  for,  though  they  vary  considerably 
ia  other  characters,  none  of  them  has  the  fold 
uul  sinus  so  remarkably  developed  »rs  the}' 
appear  to  be  in  Meek's  species. 

Compositas  of  unoommoidy  largo  sue  seem 
to  be  somewhat  characteristic  of  the  late  Car¬ 
boniferous  faunas  of  North  America,  a  very 
rohixst  t}’pe  that  much  resembles  this  one  oc- 
carriog  in  the  Permian  of  Kansas.  The  Kansas 
form  fa  probably  distinct  from  C.  mira,  how¬ 
ever,  by  reason  of  its  nearly  smooth  surface 
knd  its  more  ovate  shape,  which  tends  to  bo 
relatively  longer  and  to  have  its  greatest  width 
ftrther  toward  the  front  of  tho  shell.  In  tho 
Utah  sppxjimens  the  greatest  width  is  about 
midway,  though  the  difference  is  not  entirely 
constant. 

iVvlcuUpecten?  deseret  Girty,  n.  sp. 

PI.  LVII,  fiep.  7-9a. 

Shell  small.  Length  slightly  greater  than 
width.  Hinge  lino  short,  about  one-half  the 
width  lower  down  or  a  little  more.  Beak 
Marly  central  on  the  cardinal  line  to  which  the 
kxfa  of  the  shell  Is  nearly  perpendicular.  Shape 
more  or  less  symmetrical  though  one  side  is 
usually  a  littlo  better  developed  than  the 
other.  The  ventral  and  lateral  outlines  are 
r^^darly  rounded.  Above  the  middle  the  out¬ 
lines  contract  somewhat,  then  become  subpar- 
sUel  and  nearly  straight,  so  that  tho  two  ears 
•re  similar  in  size  and  shape,  and  the  cardinal 
knglcs  are  angles  of  90°  or  somewhat  less.  The 
convexity  fa  moderate  with  a  gradual  descent 
k)  the  ears,  wliicb  are  depressed  but  not  defined 
oiUior  by  a  sulcus  in  the  surface  or  a  sinus  in 
the  outline. 


The  sculpture  consists  of  numerous  fine,  reg¬ 
ular,  unequal  radiating  costae.  The  costae  of 
tho  largest  size  number  about  20.  Between 
these  occur  three  or  more  much  smaller  ribs, 
of  wliich  tho  median  one  or  two  are  as  a  rule 
distinctly  more  prominent  than  the  others. 
Even  the  primary  costae  are  more  or  less  per¬ 
ceptibly  alternating,  so  that  tho  ribs  really  be¬ 
long  to  tliree  and  possibly  four  or  more  series. 
They  are  relatively  high  and  thin,  and  the 
striae  between  them  are  broad  and  flat. 
Toward  tho  sides  the  co.stao  rapidly  become 
fljier  and  more  equal,  so  that  the  earn  are 
almost,  if  not  quite,  smooth  iu  some  specimens 
and  in  othem  covered  vnth  very  fine,  equal  lirao. 
There  are  also  very  fine,  regular,  concentric 
Imic  of  about  the  same  size  as  the  finest  radi¬ 
ating  ones  but  more  closely  arranged,  and  with 
the  costae  they  produce  a  finely  cancellated 
surface.  They  do  not  seem  to  cross  tho  larger 
ribs,  or  at  least  to  make  crenulations  upon 
them. 

Tills  species  seems  normally  to  have  a  length 
of  16  mUlimetei-s,  but  many  specimens  arc 
smaller. 

The  generic  position  of  AviculxpcxUn?  deseret 
is  a  matter  of  doubt.  I  have  some  reason  to 
believe  that  the  shell  is  equivalve,  and  in  tliat 
cjise  the  generic  position  would  not  be  with 
AvicvUipecten  nor  even  with  tho  Pectinidao, 
None  of  the  specimens  observed  has  any  trace  of 
a  byssai  sinus,  from  which  fact,  from  their  sculp¬ 
ture,  and  from  their  convexity  all  must,  on  tho 
assumption  that  they  belong  to  tho  Pcctinidai, 
represent  one  valve  only  of  tho  complete  shell 
and  that  tho  left  valve.  Now,  it  would  seem 
.somewhat  paradoxical  to  find  in  the  same  col¬ 
lection  over  30  specimens  of  tho  left  valve  and 
no  corresponding  right  valves  nor  even  any 
shells  of  different  character  that  could  with  any 
probability  represent  the  right  valve.  Further¬ 
more,  os  has  already  been  mentioned,  though 
most  of  tho  specimens  are  almost  symmetrical 
bilaterally,  some  seem  to  ho  better  developed 
on  one  side  and  othei-s  on  the  otlier.  Finally, 
though  the  axis  is  in  a  general  way  about  per¬ 
pendicular  to  the  cardinal  line,  it  appeal's  to  be 
slightly  curved  in  the  umbonal  region,  pointing 
in  some  specimens  toward  one  side  and  in  other 
specimens  toward  tho  other.  With  this  differ¬ 
ence  may  bo  correlated  a  slight  inequality  in 
the  proportional  length  of  the  parts  of  the  hinge 
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line  on  citlier  swic  of  the  umbo  (the  beak  point¬ 
ing  to  tlic  longer  siflo?)  urit]  also  a  slight  iiie- 
qiinlity  in  the  descent  of  tho  sliell  to  tlie  two 
eum.  To  determine  tliis  correlntion  of  parts 
would  require  a  larger  series  of  complete  speei- 
me/js  than  is  contained  in  my  collection. 

Avic^ipeettnf  dfstrel  is  closely  related  to 
AtncHlipr.tlen'f  tnijitnitridns  WTiite.  It  dilfei's, 
however,  in  being  only  half  us  large,  in  beung 
relatively  shorter  on  the  hinge  line,  and  in  be¬ 
ing  much  less  gibbous,  with  a  correspondingly 
mure  gradual  deseent  to  th<3  eurs.  A.  supe.r- 
stnefm  is  more  copiously  supplied  witli  the 
sniivU  Intomiedinto  lirao,  which  are,  moreover, 
less  strongly  difTorentiuted  in  size,  Tlio  regular 
rr>neontric  lamellae  nro  also  lacking  on  A. 
aupimlnctm  so  far  as  observed,  but  the  typical 
specimens  are  not  so  preserved  that  this  char¬ 
acter  would  be  well  shown,  if  originally  present, 

Myallna?  iilatynotn.*!  (While). 

PI.  LVri,  figs.  1«,  17. 

1880,  VniseHa  (Modlnlina)  platynntu  White,  U.  S.  fleol. 
and  (  i(>og.  Sur>'cy  Terr  ,  ('nnlrihiilioim  to  inverte¬ 
brate  pa!o<uit»1iij;y  Xo.t.  2-.S,  j).  HC,  pi.  37.  Iir.^. 
;ia,  .3Ii.  Jiimswic  (?);  IlcaJ  of  Lincoln  Valley, 
•Hitlinv^crn  Idaho. 

1883.  Vit\jKVa{Uodir)lina) U.S.Geul.ond 
•j«ig.  Surv'cy  Terr.  T^v^^l(lh  Ann.  Hepl.,  for  1878, 
pi.  1,  p.  M6,  pi.  37,  fi;3.  3iS,  3t>.  .Tiira.'-sic  (7):  Iload 
of  Lincoln  Valloy,  aualhea{.tcrii  Idaho. 


This  form  is  well  distributed  and  abundant 
in  the  Lower  Tria-ssic  of  Utali  and  Idaho  and 
appears  to  be  eburactcristic  of  the  horizon. 
It  is  largely  confined  to  the  Thaynes  limestone 
and  the  specimens  illustrated  are  from  that 
formation.  It  is  not  certain  that  ray  speci¬ 
mens  belong  to  the  species  described  by  White 
as  VolstUa  {yfodiolirM)  plaijnota,  and  my  fig¬ 
ures  do  not  look  at  all  like  his  because  they  are 
ddTcrently  oriented,  what  he  regards  as  the 
autorior  side  being  in  my  figures  represented 
as  tho  hinge.  As  lo  the  orientation  of  my 
specimens  there  can  be  little  doubt,  because 
lire  side  which  1  regard  as  the  hinge  is  straight 
and  has  a  very  distinct  cardinal  area  or  hinge 
plate,  M'hei'eas  the  side  that  conesjyonds  to  the 
hinge  of  Wliito's  figure  is  curved  and  lias  a  thin 
edge  without  ouy  suggestion  of  cardinal  struc¬ 
tures.  Of  course,  if  tlio  orientation  of  White's 
figure  is  correct,  the  two  forms  are  wdely  differ¬ 
ent,  not  onl}'  in  specific  but  in  generic  ehorocter. 

I  have  referred  my  form  to  tho  genus  Afya- 
linu  because  in  shape  and  in  whatlittlo  is  known 
of  the  structure  it  is  more  or  less  comparable 
with  the  Carboniferous  Myalinas.  I  much 
doubt  whether  it  is  a  true  Myalina,  however, 
and  even  if  it  is  it  represents  n  type  distinctly 
different  from  the  Myalinas  of  the  .Pennsylva¬ 
nian  and  Permian  of  tins  country. 
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Zaphrcnds  stansbaryi  Holl. 

PioUUK  1.  Side  ni'W  01  uniroiierffolspcfimfii,  which  luL'. 

Iho  edt'o  oi  ihccaliccaiirl  ibo  lower  extremity 
broken  away. 

Alter  Meek,  Piileoiilology,  U.  S.  Gcol.  Expl. 
•tOth  Par.  Final  Kept.,  vol.  ■!,  pt.  it 
fi(?.  3,  1877.  llall’a  epecimona  camo  from 
Stansburyn  Tsiaud,  (doth  Cap,  and  Flat  i 
Hock  Point,  in  Great  Salt  Lake,  and  tho  i 
original  of  ^^*‘ek'a  figure,  copied  here,  came 
from  Iho  aanio  liorizon  in  tho  Wasatfh 
■Rniigo,  Utah. 

Zaphrcnds?  muUilnroelln  Hall? 

Flu  UR  r.  2.  A  apocimen  broken  loiigitudiu.'Uly,  showing 
iinper.'cclly  tho  iulemal  structuro.  The 
irMsuhi  is  on  tho  right. 

2a.  A  view  of  thocalicoot  thesame,  withitamargins 
broken  away  and  its  bot  tom  (illod  with  reck. 

After  Mock,  Paleontology,  U.  S.  Geol.  E.xpl. 
40(h  Par.  Final  Rept.,  vol.  4,  pi.  1,  pi.  C, 
figs.  4a  and  tb,  1877.  Hall  sapecimena  came 
from  Cloth  Cap  and  Flat  Rock,  in  Great  Sail 
Lake,  and  tho  original  of  Ifcck’a  figures, 
copied  hero,  came  from  Strongs  Knob,  in 
Great  Salt  Lako. 

GaO 


Cyalhophyllum  nevadense  Meek. 

Figure  3.  Side  view  of  a  much-weathered  spccimen  show’- 

ing  the  edges  of  tho  septa  and  tho  diasepi- 
meats,  and  the  calice,  setn  obliquely, 
partly  filled  by  hard  calcareous  matter. 

After  Meek,  Paleontology,  U.  S.  Geol.  E.xpl. 
40th  Par.  Final  Ropt.,  vol,  4,  pi.  1,  pi.  fl, 
fig.  3,  1877.  Tho  original  specimen  is  from 
Boxelder  Peak,  Wasatch  Range,  Utah. 

Zaphrenlis  escentriea  Meek. 

Fiovre  4.  Side  view  of  the  type  specimen. 

•liter  Meok,  Paleontology,  U.  S.  Geol.  E.xpf. 
40th  Par.  li^nal  Ropt.,  vol.  4,  pt.  1,  pL  4, 
fig.  Ic,  1877.  The  original  spocinicn  is  from 
Doxeldcr  Peak,  Wasilch  Range,  Utah. 

Lithoslrotion  whllncyi  Meek. 

I’lci  i!E  b.  \  m;iss  of  liiiicaione  including  several  of  the 
cotalliica. 

After  Meek,  Paleontology,  U.  S.  Cool.  Expl, 
40fh  Par.  Final  Rciit.,  vol.  4,  pt.  1,  pi.  6, 
fig.  1,  1877.  Tho  original  apedmen  is  from 
Bo.xelder  Peak,  Waiatch  Range,  Utali. 
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Productus  brazcrianus  Girty,  n.  ap.  (pp.  643-644). 

PiouBR  1.  A  large  dorsil  valve  soon  from  above. 

la.  Side  view  iu  outline. 

2.  A  small  ventral  \'alve  .stH*n  from  above. 

2a.  Side  view  in  outline. 

The  figured  specimens  are  from  the  Waj^n 
quadrangle  iu  Idaho,  but  the  same  species 
occurs  in  the  Wasatch  Ihingo  ia  Utah. 

Produclus  ovatus  Hall. 

Fiqurb  3.  A  ventral  valve  seen  iroDi  above. 

After  Hall  and  Wiitfield,  U.  S.  Geol.  E.xpl. 
■10th  Par.  Final  Itopt.,  vol.  ■!,  pt.  2,  pi.  5, 
fig.  7,  1877.  The  figured  speednren  is  from 
Dry  Cauyon,  Oqulrrh  Mountains,  Utah. 

Productus  burlingtonensis  Hall. 

Figure  4.  Interior  of  a  dorsal  valve  seen  '‘rom  above. 

5.  A  ventral  valve  seen  from  above. 

After  Hall  and  Whitfield,  U.  S.  Geol.  E.\pl. 
40th  Par.  Final  Kept.,  vol.  4,  pt.  2,  pi.  5, 
figs.  9  and  10,  1877.  The  figiued  specimen.-* 
are  from  Dry  Canyon,  Oquirrh  Mountains, 
Utah.  The  identification  given  by  Hall  and 
WTiitfield  ia  no  doubt  incorrect,  but  the  e.xact 
aflmities  have  not  been  determined. 

Productus  semireticulatus  Marlin. 

6.  A  ventral  x-alveseen  from  above. 

6a.  Posterior  view  of  tame. 

After  Hall  and  WTiitfield,  U.  S.  Geol.  E.xpl. 
■10th  Par,  Final  Kept.,  vol.  4,  pt.  2,  pi,  6, 
figs.  6  and  6,  1877.  The  figured  specimen 
is  from'  Dry  Canyon,  Oquirrh  Mountains, 

'  Utah.  This  may  bo  only  a  coarse-ribbed 

variety  of  the  species  cited  as  P.  burling- 
tOTienah. 


Productus  semislrialus  Meek. 

I-'icvue  7.  Anterior-ventral  \uew  of  the  type  Rpecimen. 

.  APer  Meek,  Palcontolofty,  U,  8.  Geol.  E.xpl. 
40th  Par.  Final  Rept.,  xol.  4,  pt,  1,  pi.  7, 
fig.  8, 1S77.  Tile  original  specimen  ia  from  a 
locality  southeast  of  Great  Salt  Lake,  Utah. 

Diaphragmus  elegans  Norwood  and  Pratten. 

Fioure  8.  Auterior  idcw  of  a  ventral  valve. 

After  Hull  aud  WTiitfield,  If.  S.  Geol.  Expl. 
40!li  Par.  Filial  Kept.,  vol.  4,  pt.  2,  pi.  6, 
fig.  •!,  1877.  Tho  figured  specimen  is  from 
Dry  Canyon,  Oquirrh  Mouataina,  Utah. 

Composifa  subqnadrala  Hall? 

Fmriis  9.  Ventral  mew. 

!>.i.  Dorsal  view  of  the  same. 

After  Hall  and  WTiitfield,  U.  S.  Geol.  E.xpl. 
40th  Par.  Final  Rept.,  vol.  4,  pt.  2,  pi.  5, 
figs.  19  and  20,  1877.  The  figured  specimen 
is  from  Dry  Canyon,  Oquirrh  Mountains, 
Utah. 

Spirlfcr  siriaius  Marlin. 

FuiCre  10.  Dorsal  view. 

10a.  \'entnil  view  of  same. 

After  Hall  and  WTiitfielil,  U.  S.  Geol.  E.xpl. 
40th  Par.  Final  Rept.,  vol.  4,  pt.  2,  pi.  5, 
figs,  l.'iand  14,1877.  Thefig-.iredapedmcu 
is  from  Dry  Canyon,  Oquirrh  ^fountains, 
Utah. 

Relicularia  setigera  Hall. 

Fiolre  11.  A  dorsal  valve. 

12.  Ventral  view  of  a  smaller  specimen  that  pre¬ 
serves  the  surface  omamoiitation. 

After  Dali  nnd  W'hitfield,  U.  S.  Geol.  E.xpl, 
■lOth  Pur.  Fiual  Kept.,  vol.  4,  pt.  2,  pi,  5, 
figs.  17  and  18,  1877.  The  figiirwl  speci¬ 
mens  are  from  Dry  Canyon,  Oquirrh 
Mountains,  Utah. 
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MADISON. 

Sehuchcrlellft  a/T.  S.  chemungeneis  Conrad. 

Fuiim:  I.  A  vonlrAl  vii'.vc  !ia\ing  fnc  and  even  riln-. 

Afk-r  Hail  ami  WliiUield,  U.  S.  Gwl.  EnP 
■lOth  Par.  Final  Kept.,  vo».  4.  p<.  *,  ?'•  ■*. 
fig.  ‘i,  1877.  Tbc  ligured  8iM;ciiiMfn  i*  irom 
I.i'g-an  Canyon,  WiiMtch  Ranfje,  IHah. 

2.  A  dorsal  valve  of  unuaual  lirc-ndtl:,  having 
riliH  that  ullernatc  in  size. 

Afn-r  Hall  and  WliitrioW,  1'.  S.  Gvol.  Expl. 
•lOth  F;ir.  Final  Kept.,  vol.  -I,  pi.  2,  pi.  -1. 
lig.  1,  1877.  Tho  figured  siievimen  is  from 
Ogdon  Canyon,  Wasatch  Range,  Ut.ah. 

I.cpiaena  analoga  Phillips. 

Fioukk  i.  A  cliar.ictcriftio  Bpecimen  ahoss-iiig  the  fme 
nidial  ii'.arKiugs  and  tho  fine  even  roncen- 
Iric  •wrinhle.s. 

After  Hall  and  Wiiiifield,  U.  S.  Gcol.  Expl. 

•  ■lOlU  Par.  Final  Reid.,  vol.  1,^.2,  pi.  1. 
fig.  •!,  1.877.  The  fipinvl  B{)c<-iiiu.'u  is  from 
Dry  Canyon,  Otiuirrh  Mountaina,  Utah. 

ClionetcH  lognncnsis  Hull  and  WhitBeW. 

PiouiiK  •!.  The  tyi'o  spieiinon,  which  ia  a  ventrid  valve 
After  Hall  and  Wliil field,  U.  S.  Getd.  Expl.  I 
•lO'.h  Par.  Final  Kept.,  vol.  4,  i>t.  2,  pi.  4, 
fig.  t).  1877.  Tho  flgurotl  siwimen  is  from 
Logun  Canj'on,  Wamlrh  Moiinlaina,  Utah. 

Spirifer  ocntronalna  Winchell. 

Fiovirk  .3.  A  largo  donal  valve. 

(i.  .\  ann’.llor  veiitT.il  vu'.vi>. 

After  Hall  and  Wliit field,  Tj.  S.  Gcol.  Expl. 
■loth  Par.  Final  Ropl.,  voi.  4,  pt.2,  pi.  4, 
fig.  5,  1877.  Tito  Egiiied  •pccinicmi  art 
Iroin  Dry  Canyon,  Otittinh  Mountaiiui, 
Vtidi. 

SlrapurolluN  ophirensis  Mall  and  Whitfield. 

Fiornv;  7.  Siilo  view  of  the  typical  Hpccinicn. 

7:i.  The  lowitr,  or  miihilical,  ride. 

.\fter  H:dl  and  Whitfield,  U.  S.  Gool.  F.xpl 
4l)th  Par.  Final  Bopt.,  vol.  4,  pt.2,  pi.  4, 
liga.  2tl  and  27, 1877.  Tlie  figurctl  specinien 
i»  from  Dry'  Canyon,  Oqiiirrh  Mouctaica, 
I't.nh. 

tj02 


Euumphalus  lax  us  White. 

FininiE  .8.  Upiicr  side. 

Na.  Profile  of  same. 

/Hter  Hall  and  WTiitfield,  U.  S.  Geoi.  Expl. 
•lOth  Par.  hTual  Kept.,  vol.  4,  pt.2,  pi.  4, 
figs.  2.1  and  25. 1877.  The  figured  apeciinen 
ia  from  Dry  Canyon,  Otiiiirrli  Mountains, 
Utah. 

Euomphalus  utahensis  Hall  and  Whitfield. 

Fioore  ».  Upper  side  of  a  rather  mnall  eitccimeii  repre¬ 
sented  by  a  gutta-percha  impression. 

After  Hall  and  Wdiilfield,  U.  S.  Gool.  E.xpl. 
•tOlli  Par.  Final  Rept.,  vol.  4,  pt.  2,  pi.  4, 
fig.  21,  1877.  The  figured  specimen  u< 
from  Dry  Canyon,  Ontiirrh  Mountains, 
Ultih. 

Proetus  peroccidens  Hall  and  Whitfield. 

Fiourk  10.  A  rather  smull  pygidium,  X  2. 

After  Hall  ami  Whitfield,  U.  S.  Geol.  Exp., 
•tOth  Piir.  Final  Rept.,  vol.  4,  pi.  2,  pl-'li 
fig.  32,  1S77.  The  figured  sjx'cimen  is 
from  Ogden  Canyon,  Wasatch  Range 
Xrtaii. 

Proelus  loganensis  Hall  and  Whitfield. 

FKiuuE  11.  Tho  type  apeeimen,  a  pygidium,  X  2. 

After  Hidl  ami  Wliitfield,  U.  S.  Geol.  Expl. 
10th  Par.  Final  Rept.,  vol.  I,  pf.  2,  pi.  4, 
fig.  ;i3,  1877.  The  figured  specimen  is 
from  Logan  Canyon,  W-isalch  Range, 
Utah. 
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Myalina  subquadrata  Shumard. 

Figukk  12.  A  left  valve. 

The  figured  siiecimou  is  from  I  ho  Drum 
limestone  at  Drum,  Kan.s. 

Chaeietca  milleporaccus  Troost. 

Fiourk  18.  Side  view  of  a  brohen  si)c<  imeu,  show-^ 
the  innumerable  sitinll  tubes  of  whioh  the 
coral  ia  composed. 

After  Wliito,  U.  S.  G<!Og.  and  Geol.  Survci^ 
W.  100th  Mer.  Final  Rept.,  vol.  I,  !><•  L 
pi.  5,  fig.  2a,  1877.  The  figured  spemncn 
is  from  the  Virgin  Range,  near  St.  George, 
Utah. 
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Edmondia  gibbosa  McCoy. 

FioUBK  H.  A  right  valve. 

After  dirty,  LT.  S.  Geol.  Survey  Prof.  Paper 
IG,  pi.  D.  tig.  8.  1003.  The  figured  specimen 
from  the  Rico  quodniuglo,  Colo. 

PHeudomonotU  kansasensis  Deede. 

Eiouaht  15.  A  left  valve. 

After  dirty,  "U.  S.  Gcol.  Sujn'ey  Prof.  Paper 
16,  pi.  8,  fig.  1,  1903.  The  figured  siKK-imou 
ia  from  the  Rico  qu.idrungle,  Colo. 

Fusulina  cylindrica  Fischer  dc  Waldheim. 

Fioore  16.  Side  view,  X  2. 

After  \Waitc,  U.  S.  Getjg.  and  Geol.  Surveys 
W.  100th  Mer.  Final  Rept.,  vol.  4,  pi.  1, 
pi.  C,  fig.  Ca,  1877.  Tho  figured  Bpccimen  is 
from  an  undcsigualed  locality  in  litah. 
The  Bpe<'ies  ia  probably  not  true  FusuUna 
cylindrim,  though  it  is  coninmnly  cited 
under  that  name. 

Pugnoidcs  osagensis  Swallow. 

fiouRE  17.  Duraal  view. 

17a.  Ventral  view  of  the  same. 

After  Girty,  U.  S.  Geol.  Survey  Dull,  bt  li  pl- 
10,  figs.  11  and  11c,  1915.  Tho  figured 
specimen  is  from  tho  Coalgate  quadrangle, 
Okla.  The  fonn  may  he,  as  it  is  conmionly 
considered  to  Ijo,  the  same  as  lihtfndtontUa 
Utah  of  Marcou,  hut,  if  so,  Itlarcou’a  figures 
must  be  very  poor, 

.Schi2ophoria  resupinoidcs  Cox? 

Fioore  18.  .\  veutr.il  valve. 

19,  A  smaller  dor&xl  valve. 

After  Write,  U.  S.  Oeog.  and  Geol.  Surveys 
W.  lOOdi  Mor.  Final  Rept.,  vol.  3,  Suppl., 
Appendix,  pl.  3,  figs.  2a  and  2b,  1881.  The 
figured  spocimena  are  from  Manuelitfxs 
Creek,  N.  Mex.  This  sjjecics  ia  not  SMzo- 
pfiorin  mupinaides  of  Cox  and  may  prove  to 
belong  to  Mather's  Sekizophoria  alttroslris. 

Chonetes  mesolobns  var.  decipiens  Girty. 

Fwuhk  20,  View  of  a  ventral  valve.  • 

2i.  View  of  another  veiitr.il  valve. 

After  Girty,  U.  S.  Geol.  Survey  Prof.  Paper 
16,  pl.  1,  figa.  20  and  22,  1903.  The  figured 
specimena  are  from  the  Durango  quad¬ 
rangle,  Cola 


Spirifer  triplicalus  Hail  (p.  645). 

FiuriiE  22.  D<irs.il  new. 

After  White,  U.  S.  Geog.  and  Geol.  Surveya 
W.  lOOili  Mer,  Final  Rept.,  vol.  4,  pl.  1, 
pl.  10,  fig.  la,  1877.  The  figured  aperinicu 
is  from  near  Santn  I'e,  N.  Mex. 

Spirifer  rockymonlanus  Marcou. 

Fiourk  2.3.  Ventral  new  of  aapecinien  of  medium  Hiw. 

23a.  Dorsal  view. 

After  Girty,  U.  S.  Geol.  Survey  Prof.  Pajier 
16,  pl.6,Gg?.  1  and  la,  1903.  The  figuredsjxH  i- 
mon  ia  from  the  Durango  quadrangle,  Colo. 
The  ideuiificatioQ  adopted  it  the  current 
ono.  Marcou  may  have  included  two  dis¬ 
tinct  species  in  Iris  Spirifer  rmiymcmianM, 
and  tlic  form  figured  here  may  not  ho  iden¬ 
tical  with  either  of  them. 

Spiriferina  kentuckyensis  Shomard. 

Fiovbk  21.  Dorsal  view  of  r.  sptKiinen. 

23.  Ventral  new  of  an  uusynimcfrical  specimen 
enlarged  to  2  diiuneters. 

After  Write,  IL  S.  Geog.  and  Geol.  .Surveys 
W.  JOOth  Mer.  Final  Rept,,  vol.  4,  pl.  10, 
figs.  4a  aud  4e,  1877.  The  figured  spevi- 
meaa  are  from  an  iindesignatcd  locality  in 
the  Great  Basin  region, 

Squantularia  perplexa  McChesney. 

Fu!t'K3  26.  Dorsal  view. 

After  Girty,  U.  S.  Geol.  Survey  Bull.  644,  pl. 
11,  fig.  2,  1916.  The  figured  spi*cimen  is 
from  the  Coal.gato  quailrangle,  Okla.  Most 
specimens  of  this  spei'iea  are  smaller  than 
the  ono  figured,  and  rather  broader. 

Conipo.sita  subtilila  Hall. 

FiornE  27.  Dorsal  view. 

28.  Donsd  view  of  a  larger  and  longer  specimen. 

After  Girty,  U.  S.  Gcol.  Survey  Prof.  Paper 
16,  pl.  7,  tigs.  4  and  6,  1903.  The  figured 
sped  mens  ;irc  from  the  Durimgo  quadrangle, 
Colo. 

Hnstedia  mormoni  Marcon. 

Fiourk  29.  Doniol  view. 

29a.  Vent  ml  view  of  eamo. 

After  White,  U.  8.  Geog.  and  Geol.  Surveya 
W.  1004h  Mer.  Final  Rept.,  vol.  4,  pl.  tO, 
Bgs.  7a  and  7b,  1877.  The  figured  apeci- 
mcn  appears  to  be  from  an  undeidgnnted 
locality  in  New  Mexico  or  Nevada.  Mar¬ 
cou 's  orlgiiKU  spefimens  are  Mid  to  have 
come  from  Utah. 
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■Produelus  corn  D'Orbisny. 

Fiourk  I.  Tlic  typo  a  voniral  vatvr,  wcii  from 

aticpvc,  X  L- 

la.  Siila  view  of  fame,  X  li- 

Afler  Tsclieniyiwliuw.  in  f'oni.  gfol.  [Petro- 
grad)  MCm.,  Vd.  18,  No.  2,  p.  2X9,  ftp.  A 
mill  B,  1902.  Tho  specimen  la  rrura  i  aria 
cliamln  (7),  Bolivia. 

2.  Side  N-iew  of  a  typical  apei  imen. 

2:>.  Dorfi'.l  view. 

21).  PoMforior  view. 

2e.  Yuntral  \icw. 

After  lvo/.low!»Vi,  ia  Aniialea  do  paldoiilnlogio, 

vol.  9,  pi.  fi,  HS".  1“) 

figured  Bpocunea  is  from  A  arbichaml'i, 
Bolixia. 

Praductus  Influtiia  var.  colorudoensU  Girly. 

Fioiimk  :t,  Venlnil  ^'iew. 

•1.  Domal  \  irw  of  aoollier  «p«  imen. 

Af(>;i'  Girty,  U.  S.  Gcd.  8«rvey  Prof.  Paper  IG, 
pi.  3,  ftp.  I  ftud  3,  11103.  'I'ho  figiirisl  spcci- 
nioM  are  from  Ihe  L«all^^^e  district,  C olo. 

MiirRiiiifcTO  dplendcas  Nerwooii  and  Pratten. 

Fiot'BB  5.  Ilorxil  view. 

5a.  Ventral  view. 

After  Girty,  U.  S.  Geol.  Furvoy  Bull,  oil,  pi. 
10,  tigs.  2  und  21),  VJ16.  The  figured  apeci- 
moii  ia  from  tlw  Wewoia  iptadmagle,  Okla. 

G.54 


Marginifero  muricnia  Norwood  and  Pratten. 
FkuirkC.  Dorsal  view. 

7.  Venlral  view  of  nnothrr,  more  coarsely  ribbed 
specimen. 

Afler  Girty,  D.  S.  Goal.  Survey  Bull.  M4,  pi. 
10,  figs.  3  and  -1,  1913.  TIio  figured  speci¬ 
mens  are  from  the  Wewoka  quadrangle, 
Okln. 

Pustula  nebraskensis  Owen. 

Fir.t  RP.  8.  VenlnU  view  of  an  exfoliated  specimeu. 

9.  Iiotwl  view  of  a  smaller,  more  pcrtVtly  pre¬ 
served  spacimea. 

After  Girly,  G.  S.  Geol.  Survey  Prof.  Paper  16, 
pi.  5,  figs.  I  and  2,  1903.  T1)0  figured 
mens  ara  from  the  Durmigo  quadriinglc,  Colo. 

Pustula  Hcmipuuctala  Shepard. 

FmuRR  10.  A  ventral  valve  with  well-preserved  surface, 
seen  from  al)ove,  X  I  J- 
11.  Dontal  view  of  a  ch.-.racturistie  specimen. 

1  l.v.  Ventral  view  of  same. 

The  figurerl  spociiucoa  ure  from  the  Iota  limo- 
Hlone,  at  lolo,  Kaiis. 
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Pusliila  Hubhorrida  Meek. 

1.  FVoiit  vie\s'  of  a  ventral  valve. 

!.  Side  view  nf  another  ventral  valve. 

Alter  Meek,  U.  S.  Gool.  £xpl.  -loth  Par.  Final 
Rept,,  vol.  I,  pt.  1,  pi.  7,  liRs.  3ar<l  ;la,  IS77. 
Tho  figured  ttpeciniena  are  frr.ni  an  niidesiig- 
nated  lo»:ality  in  llio  Great  lta<in  region. 

Pustuln  nevadensis  Meek. 

1.  Ventral  valve  seen  from  above. 

.After  ileek,  U.  S.  Geol.  Expl, -tOfh  Par.  Final 
Kept.,  vol.  pt.  1,  pi.  8,  fig.  2b,  1877. 
The  fig:urod  sjieeinicii  is  mini  an  undesig- 
n.aled  locality  in  Nevada. 

Productus  phospliaticos  Girty. 

.  E-xtornal  mold  of  a  dorsal  valve. 

'.  A  cliamcteristic  venijnal  valve. 

'.  A  ventral  valve  showing  nuiueroiis  tpiiie.<!  that 
spring  from  niLsed  costae. 

After  Girty,  U.  S.  Geol.  Siir\’ey  Bull.  J3(),  pi. 
2,  figs.  7-9,  1910.  Tho  figured  speeimeus 
are  from  Montpelier,  Idaho.  j 

Prodiictus  multistrialus  Meek. 

.  Vent  nil  vie  w  of  a  characteriiil  ic  spec!  men. 

.  Dorsal  view  of  the  same. 

.After  .Meek,  tf.  S.  Geol.  Expl.  AOth  Par.  Final 
Kept.,  vol.  -1,  pt.  1,  pi.  8,  figs.  3b  and  3c, 
1877.  Tho  figured  speciiiiena  are  from  an 
iindc-sigualed  locality  in  Nevada. 


Aulosteges  hispidus  Girty,  n.  sp.  (p.  644). 
Fiutrun  8.  The  typical  specimen,  a  ventral  valve,  »eon 
from  above. 

8a.  Same,  X  2. 

Sb.  Siile  view,  X  2. 

Tho  figured  “pocimen  ia  tmm  AA'cbor  Canyon, 
Wasatch  Range,  Utah. 

Spirifcriiia  palrhra  Meek. 

li^r.URE  9.  Dor.-ial  view  of  the  original  t>")icRlBpeciincn. 
9a.  A\uitral  view. 

-After  Meek,  U.  S.  Geol.  Expl.  iOth  Par.  Finn 
Ropt ,  vol.  4,  pt.  1,  pi.  8,  figs.  1  and  la,  1877. 
Tlic  figured  s|HX’inicn  is  from  Nevaila. 

Spirifer  pseudocamerotus  Girty,  n.  sp.  (p.  644). 
FtntiRK  10.  Dorsal  view  of  a  narrow  specimen. 

10a.  Side  xnew  in  oiitliuo. 

11.  DofSiJ  view  of  a  characterutic  «peciin<-a. 

12.  Dor.-!Hl  view  of  n  specimen  that  baa  the  fold 

deeply  dividcfl. 

13.  A  ventnil  valve  of  somewhat  different  type. 
M.  .A  ventral  vftivo  that  is  uncommonly  wide  at 

tho  Lingo. 

l.j.  Au  imperfect  ventnl  valve. 

The  fig’ircd  aper'imens  arc  from  AVelrer  Can¬ 
yon,  Wasatch  Range,  Utah. 

Composita  mira  Girty  (p.  646). 

Fiounr;  16.  Dorsal  view  of  a  largo  spwinion  accideutally 
compressed. 

16a.  Side  view  of  same. 

After  .Mock,  U.  S.  Geol.  Expl.  40th  Par,  Final 
Kept.,  vol.  4,  pt.  1,  pi.  9,  figs.  3  and  3b, 
1877.  Tho  figured  specimen  is  from  f-n 
undcsignuted  loraUty  in  Nevada. 
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Aviculipecten  ulahensis  Meek. 

Fiouiir  1.  A  iMft  (?)  valve,  natural  mm 

la.  A  i>.rtion  of  Iho  ririare  of  the  same,  niagmfwd 
to  show  the  minute,  crowded,  concentric 

siruie.  ,  _ 

Alter  Meek,  U.  S.  Oeol.  Expl.  40th  Par. 
Firnd  llept.,  vol.  4,  pt.  1,  pi.  0,  fiip.  ?, 
1H77.  The  fiipjred  apecimen  ia  from  eastern 

N’ovoda. 


Aviculipecten?  deserel  Glrty,  n.  sp.  (p.  647). 

Fiol-bv.  7.  A  small  left  (?)  v:Uve,  seen  from  ahovc. 

7a.  Same,  X  2. 

a,  An  imperfeed  specimen  (hat  has  well-preserved 
ciiilptiire.  Scon  from  above,  X  4. 

9.  A  cl!aratt.Ti8tic  left  (?)  waive,  seen  from  above. 
9:i.  Same,  X  2. 

•  The  ti^ured  spcciniens  arc  from  Dry  t'anyon 
in  the  Wasatch  Range,  cast  of  Salt  Lake 

I  *^1  A.f  1 


Aviculipecten  weberensis  Hall  and  Whilflcld. 

FiomiE  2.  View  of  a  left  valve,  aho'ving  the  Urongly 
alternating  coarser  and  finer  sculpture. 

After  Hall  and  Wdlfwld,  H.  R.  Geol.  Expl. 
40lL  Par.  Final  Rept.,  vol.  4,  pt.  2,^  pi.  C, 
fig.  5,  1877.  The  figured  Bpeciracn  is  iniin 
tho  fooIhUls  of  the  Wa-satch  R-inge,  southeast 
of  Ralt  Lako  City,  Utah. 

Aviculipecten  purvulus  Hall  and  VSTiWfield 

Fioijub  3.  Figuro  of  a  left  valve,  X  3i  showing  tha  atrong, 
olovated,  primary'  wys,  with  fiuar  onca 
between. 

After  flail  and  UTutfield,  U.  8.  Geol.  Expl. 
40th  Par.  Final  Hept.,  vol.  4,  pt.  2,  pi.  6, 
fig.  G,  1877.  Tlio  figured  apecimen  is  from 
tho  foothilla  of  the  Wasatch  Range,  southeast 
of  Salt  Lako  City,  Utali. 

Aviculipecten  curlicardinalis  Hall  and  miilfleld. 

Fiouhe  4.  Tho  type  specimen,  X  2. 

■•Viler  Hall  and  Whitfield,  U.  S.  Geol.  Expl. 
•lOtli  P'.'.r.  Final  Rept.,  vol.  4,  pt,  2,  pi.  6, 
tig.  -I,  3877.  Tlie  figured  Hpecimcii  is  from 
the  foothills  of  the  Waaatcli  Range,  aouthi-ast 
of  Salt  Lake  City,  Utah. 

Aviculipecten  occidoneus  Meek. 

FtoiiuB  6.  .\  smalt  left  valve,  X  2. 

G.  A  If  ft  valvo  which  law  the  anterior  car  hrokou 
away. 

-After  Meek,  U.  S.  Geol.  Expl.  -tOth  Par.  Final 
Rept.,  vol.  4,  pt.  1,  pi.  12,  figs.  13, 13.\,  1877, 
Tho  figured  aperimons  aro  from  Wobor  Can¬ 
yon  ill  the  Wasatrh  Range,  Utah. 


Sedgwickia?  concava  Meek  and  Hayden. 

Fioi  BK  10.  A  right  valve,  aa  obtained  by  a  RUtla-pcn  ha 
impression  in  the  natural  mold. 

After  Hall  and  Wliitfield,  U.  S.  Geol.  Expl. 
40tli  Par.  Final  Rept.,  vol.  4,  pt.  2,  pi.  6. 
fl".  3,  1877.  The  figured  specimen  is  from 
tho  tOTthilla  of  tho  VWasatch  Range,  south¬ 
east  of  Salt  Lake  City,  Utah. 

Myaciles  inconsplcuus  Meek. 

FioiiiiB  11,  .V  left  valve,  X  2. 

iVfter  Meek,  U.  S.  Geo..  Expl.  40Ui  Par. 
Final  Rept.,  vol.  4,  pt.  1,  pi.  12,  fig.  10, 
3877.  The  figured  specimen  ia  from  Welior 
Canyon  in  the  Waaalch  Range,  Utah. 
This  figure  so  much  refwmble*!  Hall  and 
WTiitCold'a  figiiro  ef  Sniff indinf  rtmroroM 
to  Buggeat  strongly  that  they  are  the  snnio 
species.  Hall  and  WhltfleUi'a  fossil  ia 
williout  much  doubt  wrongly  identified, 
il  it  ia  the  same  aa  Myiicit€*  vncontpuvvi, 
it  will  go  into  the  aynenymy  of  thnt  apwi-w; 
if  it  is  n«<  the  same  it  ia  probalily  a  now 
species. 

Astartella?  forresteri  Girty. 

Figuiie  12.  Right  valve  of  a  typical  specimen,  X  2. 

32a.  Same  in  outline,  natural  size. 

121).  Anterior  view,  X  2. 

32c.  Cardinal  view,  X  2. 

13.  Right  viilve  oi  a  differently  shaped  specinmn, 

X  2. 

13a,  Same  in  outline,  natural  size, 

14.  Left  valvo  of  a  large  sjiecitnen  with  an  ex¬ 

tended  anterior  end. 

The  figured  specimens  arc  from  near  Torrey, 
Wayne  County,  Utah. 
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Myalina  p«nniana  Swallow. 


fiauRB  15.  View  of  a  mold  of  a  ripiht  vulve,  sliowinp  the 
u£iual  form.  The  outline  at  the  beak  shows 
the  oxtremo  of  other  specimone. 

After  Hall  and  Wiitfield,  U.  S.  Geo!.  K.xpl. 
■loth  Pfw.  I'iii.al  Rept.,vi>l  4,  pt.  2,  pi.  fi, 
fig.  7,  1S77.  Tlie  figured  .speriinen  is  from 
the  foothills  of  the  WasaU-h  Range,  south¬ 
east  of  Salt  Lake  City,  Utah.  The  iden¬ 
tification  quoted  above  is  almost  certainly 
erroneou.s,  and  tho  species  is  probably  a 
new  ono. 

Myalina?  platynolus  White  (p.  fi-lS). 

rica'RS  1C.  A  rather  short  and  broad  right  valve. 

17.  A  characteristic  left  valve. 

Tho  figurt'd  specimens  are  from  the  base  of 
the  Tha)Tioa  limestone,  Park  Cht>'  district, 
Utah. 

Myslinn  avicnloides  Meek  and  Hayden. 

Fioork  llj.  View  of  an  internal  mold  of  a  loft  valve  with 
tho  impression  of  the  extended  beak  show¬ 
ing  in  the  matrix. 

After  Hall  and  Whitfield,  U.  S,  Geol.  Exp). 
‘10th  Par.  Final  Kept.,  vol.  4,  pt.  2,  pi.  t>, 
fig.  8,  1877.  The  figured  specimen  is  from 
tho  foothills  of  the  Wasateh  Range,  south- 
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e:i3l  of  Salt  Lake  City,  Utah.  The  identi¬ 
fication  quoted  above  Ls  almost  certainly 
erronooua,  and  tho  species  is  probably  a 
new  one. 

Meekoi'cras  gracililatis  White. 

Ficuux  19.  Side  Nriew  of  a  rather  .small  specimen. 

19a.  Front  view  of  same. 

19b.  Suturoof  .“Same,  X  2. 

After  Jlyalt  and  Smith,  U.  S.  Geol,  Survey 
Prof.  Paper  40,  pi.  12,  figs.  7,  8,  and  10. 
The  figured  specimen  is  from  Aspen  Ridge, 
near  Soda  Springs,  Idaho,  but  very  similar 
Hpeciniens  occur  in  limestones  supposed  >0 
represent  the  Thaynca  limestone,  in  the 
Waj-atch  Range,  Utah. 

Penfacrinus  a.slcrlscu.s  Meek  and  Hayden? 

Fic,unK20.  View’  of  a  disk  referred  with  doubt  to  this 
species,  X  2. 

After  Hall  and  WTiitficld,  U.  S.  Geol.  Expl. 
•tOthPar.  Final  Rept.,vol.  4,  pt.  2,  pi.  6, 
fig.  16,  1877.  The  figured  speiumen  Ls  from 
tho  Pah-Ute  Rs.nge,  Nev.  Star-shape<l  cri- 
iioid  stems  similar  to  this,  though  pn>bably 
not  the  same  species,  are  rather  chanicter- 
islio  of  the  lower  Triassic  rocks  of  Idaho  and 
Utah.  They  occur,  for  iii.-itance,  in  the 
Thaynes  limestone  of  the  Park  City  district. 
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WATER-POWER  PLANTS 
OF  POWER  SYSTEMS 
OPERATING  IN  UTAH. 

1  Georgetown,  Georgetown  Creek 

2  High  Creek,  Cub  Creek 

3  Paris,  Paris  Creek 

4  Grace,  Bear  River 

5  Cove,  Bear  River 

6  Oneida,  Bear  River 

7  Devils  Gate,  Weber  River 

8  Ogden,  Ogden  River 

9  Granite,  Big  Cottonwood  Creek 

10  Stairs,  Big  Cottonwood  Creek 

11  Alpine,  Dry  Creek 

12  Lower  American  Fork, 

American  Fork 

13  Upper  American  Fork, 

American  Fork 

14  Battle  Creek,  Battle  Creek 

15  Collinston,  Bear  River 

16  Davis,  Farmington  Creek 

17  Jordan  Narrows,  Jordan  River 

18  Logan,  Logan  River 
T9  Murdock,  Provo  River 

20  Upper  Mill  Creek,  Mill  Creek 

21  Lower  Mill  Creek,  Mill  Creek 

22  Olmstead,  Provo  River 

23  Park  City,  Ontario  Tunnel 

24  Riverdale,  Weber  River 

25  Santaquin,  Santaquin  Creek 

26  Snake  Creek,  Snake  Creek 

27  Hynim,  Blacksmith  Fork 

28  Williard,  Williard  Creek 

29  Beaver  River,  Beaver  River 

30  Bennion’s, Jordan  River 

31  Big  Springs,  Big  Springs  Creek 

32  Cedar  City,  Cole  Creek 

33  Tooele,  Settlement  Creek 

34  Morgan 

35  Orangeville 

36  Gunnison,  Sixmile  Creek 

37  Lower  Fish  Creek,  Fish  Creek 

38  Upper  Fish  Creek,  Fish  Creek 

39  Kundaen,  Big  Cottonwood 

40  Sute  Street,  Big  Cottonwood 

41  Spring  City,  Oak  Creek 

42  Swan  Creek,  Swan  Creek 

43  Spanish  Fork,  Spanbh  Fork 

44  Vernal,  Ashley  Creek 

45  Alta,  Little  Cottonwood  Creek 

46  Beaver,  Beaver  River 

47  Brigham,  Boxelder  Creek 

_  48  Ephraim,  Cottonwood  Creek 

49  Fairview,  Cottonwood 

50  Heber,  Provo  River 

51  Helper,  Price  River 

52  Hyrum,  Blacksmith  Fork 

53  Logan,  Logan.  River 

54  Manti,  Manti  Creek 

55  Monroe,  Monroe  Creek 

56  Mount  Pleasant,  Pleasant  Creek 

57  Murray,  Little  Cottonwood  Creek 

58  Nephi,  Salt  Creek 

59  Parowan,  Center  Creek 

60  Springville,  Hobble  Creek 

61  St.  George,  Cottonwood  Creek 

62  Utah  State,  Logan  River 

63  Alta,  Little  Cottonwood  Creek 

64  Ophir,  Ophir  Creek 

65  South  Willow  Creek,  South  Willow  Creek 

66  Kimberly,  Clear  Creek 

67  Salina,  Saline  Creek 

68  Nephi  Plaster  and 

Manufacturing  Co.,  Salt  Creek 


MINING  DISTRICTS  IN  UTAH. 

NAME  OF  DISTRICT  COUNTY 

44  Adams  (see  Hot  Springs) . Salt  Lake 

1  Alpine .  . Utah 

2  American  Fork . Utah 

3  Antelope . Beaver 

4  Argenta . Morgan 

5  Ashbrook  . Boxelder 

6  Beaver  Lake . Beaver 

7  Big  Cottonwood . Salt  Lake 

8  Big  Indian . San  Juan 

9  Black  Crook  or  Erickson . Tooele 

10  Blue  Bell . Tooele 

11  Blue  Ledge . Wasatch 

12  Blue  Mountain  (Monticello) . . .  .San  Juan 

13  Bolter  or  Boulder . . .  .Tooele 

14  Box  Elder . Boxelder 

15  Bradshaw . Beaver 

16  Bull  Valley . Washington 

17  Camp  Floyd  (Mercur) . Tooele 

18  Carbonate . Uinta 

19  Castle  Peak . Wasatch 

20  Clifton  (Gold  Hill) . Tooele 

San  Juan, 

21  Colorado  River . Garfield, 

and  Kane 

22  Columbia . Tooele 

23  Coyote  Creek . Garfield 

24  Deseret  (Desert  Mountain) . Juab 

25  Detroit  (Joy)  (Drum,1872) . Juaband 

MilUrd 

26  Dugway . Tooele 

27  Elkhom . Wasatch 

28  Emery  (Lost  Springs) . Emery 

9  Erickson  (see  Black  Crook) . Tooele 

29  Farmington . Davis 

30  Fish  Springs . Juab 

31  Free  Coinage  . Tooele 

32  Fremont  Island . Weber 

33  Gold  Mountain  (Kimberly) - -  Piute 

34  Gold  Springs . Iron 

35  Gordon . Millard  and 

Beaver 

36  Granite . . Beaver 

37  Granite  Mountains . Tooele 

38  Grantsville . Toode 

39  Gredey  (south  of  Camp  Floyd)  .Tooele 

40  Green  River . Uinta 

41  Hardscrabble  (Mill  Creek) . Morgan 

42  Harrisburg  (Silver  ReeO . Washington 

43  Henry . Seviw 

44  Hot  Springs  (includes  Adams) . . .  Salt  Lake 

45  Indian  Peak . Beaver 

46  Iron  Springs . Iron 

47  Johnson  Peak  (Trout  Creek). . .  .Juab 

48  Juab . Juab 

49  Lakeside.  . Tooele 

50LaSal  . Grand 

51  Leamington  (Oak  City) . Millard 

52  Lehi . Utah 

53  Lincoln . . Beaver 

54  Little  Cottonwood  (Alta) . Salt  Lake 

55  Little  Grande  . . . .  - . Grand 

56  Lower  Placer . Salt  Lake 

57  Lucin . Boxelder 

58  McGarry . . . Beaver 

59  Marble . Summit 

41  Mill  Creek  (see  Hardscrabble) .  .  Morgan 

60  Miners  Basin . Grand 

61  Mona . Juab 

62  Monumental . Sanjuan 

63  Morgan . . Morgan 

64  Mount  Baldy . Piute 

65  Mount  Nebo  (Timmons) . Juab 

66  Newfoundland . Boxelder 

67  Newton . Beaver 

36  North  Granite  (see  Granite) ....  Beaver 
98  North  Star  (see  Star) . Beaver 

68  North  Tintic  (Oasis  in  1873  and 

Caledonia  in  1875) . Tooele  and 

Utah 

68  Oasis  (Caledonia) . Toode 

69  Ohio  (Marysvale) . Piute 

70  Ophir . Tooele 

71  Osceola  (south  of  Camp  Floyd)  .Tooele 

72  Paradise  (La  Flata) . Cache 

73  Park  Valley . Boxelder 

74  Payson .  . Utah 

75  Pine  Grove . Beaver 

76  Pinto  Iron  (Silver  Belt) . Iron 

77  Promontory . Boxelder 

78  Provo . Utah 

79  Preiiss  (Newhouse) . Beaver 

80  Richardson . Grand 

81  Richmond . Cache 

82  Rhodes  Plateau  (Woodland) . . .  .Wasatch 

83  Rocky . Beaver 

84  Rosebud . Boxelder 

85  Rush  Valley  (Stockton) . Tooele 

86  Salina  Creek . Sevier 

87  San  Francisco  (Frisco) . Beaver 

88  San  Rafad . Emery 

89  SanU  Clara . Washington 

90  Santaquin . Utah 

91  Saw  Back . Millard 

92  Sierra  Madre . Weber 

and  Boxelder 

93  Silver  Islet . Toode 

94  Silver  Lake . , . . . .  Utah 

95  Snake  Creek  (formerly  White  .  .  . 

Pine,  Howland) . Wasatch 

96  Spanish  Fork . Utah 

97  Spring  Creek . Juab 

98  Star  (known  as  South  Star) . Beaver 

99  Smdter . Salt  Lake 

100  Stateline . Iron 

101  Sterling . Beaver 

102  Sulphur . Beaver 

38  Third  Term  (see  Grantsville) . .  .Tooele 

103  TidewdI  &  Rideout . Carbon 

65  Timmons  (see  Mount  Nebo). . .  .Juab 

104  Tintic . Juaband  Utah 

105  Tooele .  . Tooele 

106  Tutsagubet . Washington 

107  Uintah  (Park  City) . Summit 

108  Utah . Utah 

109  Washington . Beaver 

1 10  Weber  (formerly  J unction,1860) .  Weber 

111  West  Mountain  (Bingham) . Salt  Lake 

112  West  Tintic . Juab 

113  Wheder  Desert . Grand 

1 14  White  Canyon  (Hite) . Garfidd  and 

Sanjuan 

115  Willard . Boxelder 

116  Willow  Springs . Toode 


Base  from  General  Land  Office  map  of  Utah 
Contours  adjusted  from  US  Geological 
Survey  map  of  Utah  published  m  1899 
and  later  topographic  maps 
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